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PREFACE 


This  Field  Guidebook  provides  background  information  and  material 

to  assist  the  participants  of  the  excursions,  forming  part  of  the 

Fourtii  Benelux  Colloquium  /  COMTAG  meeting  on  Geomorphology  and  Soils 

-  f' 

held  in  Amsterdiun  and  Leuven,  between  ^ril  24  th.  and  May  2  nd.  1988. 
The  material  presented  is  a  mixture  of  previously  published  and 
unpublished  work., We  request  that  those  wishing  to  reproduce  or  refer 
to  the  material  not  published  elsewhere,  contact  the  authors  who  in 
most  cases  will  be  able  to  provide  them  with  more  extensive  information 
currently  in  press. 

The  Benelux  Colloquia  on  Geomorpholoqical  processes  are  organised 
at  four-  yearly  intervals  by  the  various  tfniversities  in  Belgium  and 
The  Netherlands  who  are  actively  pursu  ing  research  in  the  general 

field  of  process  geomorphology.  The  previous  three  meetings  were  held 

•>  - 

in  Leuven,  Utrecht  and  Lidge.  The  colloquium  is  being  organised  by  the 
Laboratoy  of  Experimental  Geomorphology,  Catholic  University  of  Leuven 
and  the  Laboratory  of  Physical  Geography  and  Soil  Sciences  ,  Univer¬ 
sity  of  Amsterdam.  It  is  being  sponsored  by  the  European  Research 
Office  of  the  U.S.  Army.  Assistance  has  also  been  received  from  the 
Dune  Drinking  Water  Authority  of  The  Hague,  the  Experimental  farm 
"Wi jnandsrade''&  the  Ministery  of  Housing,  Physical  Planning  and 
Environment  (VROM)  ,  The  Netherlemds. 

Many  people  have  contributed  to  the  production  of  this  volume.  ■ 

Special  thanks  are  due  to  the  authors  whose  names  appear  under  the  list 
of  contributors  and  to  various  editors  of  different  parts  of  this  guide. 
Also  we  thanks  Ms.  C.G.  Keijzer,  who  prepared  the  manuscript,  Mr. 

L.  Huijsen  for  the  reproduction  and  Ms.  M.  Vlaanderen  who  managed 
the  production  of  this  Guide. 
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INTRODUCTION 


The  locations  of  the  four  excursions  which  form  part  of  the  Fourth  Benelux 
Colloquium/COffTAG  meeting  are  shown  on  the  title  page. 

The  first  excursion  ^Ton  the  afternoon  of  Thursday  26th  Aprils  is  to  the 
area  of  the  coastal  dunes  north  of  The  Hague. ^'Bie  leader  of  the  excursion 
will  be  P.D.Jungerius.  Before  visiting  the  field  sites  we  will  be  guests 
of  the  Dunewater  Company  of  The  Hague . 

'  ~  -I 

The  second  excursion -wiij^beginiy in  Amsterdam  and  end>in  Leuven.  Hie  sites 
to- visited  are  in  the  loess  region  of  South  Limbourg,  where  various  teams 
are  undertaking  research.  During  the  excursion,  led  by  F. J.P.M.Kwaad,  we  will 
visit  the  experimental  farm  at  Wi jnandsrade .  '  5 -/f  - - 

The  excursion  on  the  afternoon  of  Saturday  30th  April  is  to  the  research 
sites  of  the  University  of  Leuven,  near  Huldenburg  in  Br2Jbant.  The  excursion 
leader  will  be  J.de  Ploey.  •  ,  ,  , 

On  Sunday  May  1st  the  excursion  will  lead  to  the  sites  in  Luxembourg 
where  geomorphological  processes  are  being  studied  in  a  mixed  oak -beech 
forest.  The  excursion  leader  is  E.Cammeraat. 
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I.  THE  DUTCH  COASTAL  DUNES 


Some  geological,  geomorphological  and  hydrological  aspects 
and  their  international  scientific  importance 


1 .  The  north-western  European  context 

The  ISO  square  miles  of  young  Dunes  to  be  found  in  the  Netherlands  are 
part  of  a  long  and  mainly  narrow  range  of  dunes  stretching  from  Calais 
(northern  France)  to  the  northern  tip  of  Denmark.  Within  this  range,  the 
Dutch  dune  area  is  exceptional  in  that  it  covers  a  relatively  large 
surface,  its  biological  diversity  (for  example,  the  great  richnes  of 
species),  as  well  as  its  intact  condition. 

The  Young  Dunes  began  to  develop  between  the  eleventh  and  twelfth 
century  A.D.  and  have  been  largely  exempted  from  culture-technical  inter¬ 
vention  until  ^d3out  1850.  Because  of  sand  drift  the  area  was  regarded  as 
unprofitable  and  even  hostile  well  into  the  seventeenth  century,  although 
it  was  still  used  as  a  hunting  ground.  Ever  since,  human  Intervention  has 
increased.  At  first,  the  dune  valleys  were  cultivated  for  crops,  but  this 
trend  did  not  really  take  off,  usually  lasting  for  only  a  short  period. 

From  the  second  half  of  the  nineteenth  century  human  activity  in  the 
dune  area  increased; 

-  large  areas  were  excavated  emd  the  sand  was  used  to  raise  the  low  polders 
in  the  hinterland  so  that  it  could  be  used  for  urban  development; 

-  the  small  coastal  villages  in  the  dunes  grew  into  considerable  sea-side 
resorts ; 

-  urban  expansion  swallowed  up  a  large  part  of  the  dunes  for  new  housing; 

-  industry  settled  around  the  Rhine  delta  and  the  newly  constructed 
North -Sea  Canal; 

-  the  drinking-water  supply  for  western  Holland  was  drawn  from  the  dunes 
and  caused  large  areas  to  dry  out; 

-  finally,  the  dunes  served  as  a  protection  from  the  sea.  Sand  dykes  have 
been  relocated  to  protect  the  hinterland  and  a  lot  of  effort  has  been 
put  into  fixation  by  dune  plantation. 

The  list  of  human  intervention ’is ’long:  rievertheless ,  the  putch  dune 
area  is  very  much  intact  and  is,  generally  speaking,  still  quite  varifed 
compared  with  those  of  the  surrounding  countries.  The  narrow  dune  strip 
of  northern  France  and  Belgium  is  very  much  affected  by  building,  excavation 
and  road  construction.  Dune  areas  with  a  lime  deficiency  on  the  German  and 
Danish  Hadden  Islands  and  in  Jutland  are  as  undamaged  as  those  on  the 
Dutch  Wadden  Islands.  However,  these  areas  are  generally  much  less  varied 
than  the  Dutch  dunes,  even  in  their  unaffected  natural  state. 


2.  Some  important  macro-gradients  in  the  Dutch  dunes 

Two  important  landscape  components  of  the  Dutch  dunes,  the  atmospheric 
and  geological  states,  are  characterised  by  great  variation.  Tcdjle  1 
gives  a  rough  zoning  of  the  Dutch  coastal  area  into  districts  on  the 
basis  of  a  number  of  factors  concerning  climatic  variation  along  the  coast. 
Three  districts  may  be  distinguished,  each  with  a  more  or  less  specific 
characteristic . 

One  of  the  geological  factors,  the  lime  content  of  the  subsoil,  shows 
much  more  dramatic  variations.  Table  2  gives  the  primary  lime  content  of 
16  districts  along  the  Dutch  coast. 


-  2  - 


Table  1 .  Survey  of  the  values  of  a  number  of  climatic  factors  in 
three  areas  along  the  Dutch  coast  (+  maximum  for  the 
Dutch  coastal  area;  -  minimum;  o  intermediate) 


Climatic  factors 

Zeeuws 

Vlaanderen 

Goeree 

_ 

Voorne- 

Camperduin 

Petten- 

Schier- 

monnikoog 

wind 

velocity  (m/s) 

6.1 

(o) 

6.0 

(-) 

6.5  (♦) 

relative  humidity 
of  air  {%) 

69 

(o) 

68 

(-) 

73  (♦) 

evaporation 

Eo  ima/y) 

760 

(o) 

750 

(-> 

780  (♦) 

absolute  humidity 
of  air  (mbar) 

14.9 

(♦) 

14.7 

(0) 

1'<.7  (-) 

average  temperat. 
(degrees  Celcius) 

10 

(♦) 

9.5 

(0) 

9  (-) 

precipitation 

(mm/y) 

675-735  (-) 

725-800  {♦) 

700-740  (0) 

summer  days 
per  year 

10 

(*) 

10 

(0) 

<5  (-) 

. 

days  of  frost 
per  year 

<ko 

(-) 

50-60 

(*) 

40-50  (0) 

Table  2.  Survey  of  the  primajT'  lime  content  of  dune  sand 
from  16  districts  in  the  Dutch 'dunes  ’ 


District 

Primary  lime  content  {%) 

Schiermonnikoog 

0.5  -  2 

Ameland 

0.2  -  0.8 

Terschelling 

0.1  -  0.8 

Vlieland 

0.2  -  0.5 

Texel 

0.5  -  2 

Pen  Helder  -  Petten 

0.1  -  0.4 

Camperduin  -  Bergen  a. Zee 

0.2  -  0.6 

Bergen  a. Zee  -  Egnond  a. Zee 

0.9  -  2.3 

Egmond  a. Zee  -  IJmuiden 

2.7  -  4 

IJmuiden  -  Noorwijk  a. Zee 

2  -  10 

Noordwijk  a. Zee  -  Scheveningen 

2.9  -  4.3 

Scheveningen  -  Hoek  v. Holland 

2  -  7 

Voome 

4-5 

Goeree 

1.7  -  3.5 

Schoviwen 

2-4 

Walcheren 

0.4  -  1.2 

) 


-  3  - 


Thus  climate  and  geology  are  responsible  for  great  variation  in  the 
original  situation.  Within  this  situation,  two  factors  are  effective  in 
the  process  of  sophistication  of  the  landscape:  soil  forming  and  hunan 
activity. 

Soil  forming  often  results  in  a  very  clear  gradient  starting  at  the 
outer  dunes  and  moving  inland.  The  outer  dunes  render  almost  pure 
original  sea  sand,  whereas  the  inner  dunes  have  been  subjected  to  soil 
forming  for  centuries,  showing  lixiviation  and  humus  accumulation.  The 
areas  that  run  more  or  less  parallel  to  the  coast  have  been  subjected 
to  different  developments  throughout  their  history.  For  instance,  the 
primary  lime  content  of  the  subsoil  of  the  inner-dune  area  is  often 
considerably  lower  than  in  the  rest  of  the  dune  areas. 

Long-term  human  intervention  has  become  a  geological  and  geomorpho- 
logical  factor  in  the  structuring  of  the  landscape ,  particularly  in  the 
vicinity  of  fisherman's  villages  and  farming  hamlets.  Thus  a  particular 
type  of  landscape  has  developed  that  is  characterised  by,  for  instance, 
its  specific  vegetation  and  its  summer  birds.  H. Doing  calls  this  type 
of  landscape  "sea-village-scapes" . 

Human  activities  have  also  led  to  loss  of  natural  qualities,  particularly 
as  a  result  of  water  catchment  and  infiltration,  road  construction,  cult¬ 
ivation  and  the  more  recent  development  of  recreation.  From  the  middle 
of  the  nineteenth  century  the  dunes  became  important  for  the  water  supply 
of  western  Holland.  Large  areas  are  now  used  for  water  catchment.  The 
ground-water  level  cane  down  dramatically  and  caused  one  of  the  richest 
environments,  the  wet  dune  valleys,  to  deteriorate  or  to  disappear 
completely.  From  the  middle  of  the  present  century,  water  from  outside 
the  dune  area  (the  Rhine)  has  been  fed  into  the  dunes  for  water  catchment 
and  has  caused  the  ground-water  level  to  rise  again  and  restore  the  wet 
dune  valleys.  However,  this  has  not  led  to  the  return  of  the  original 
vegetation  because  the  infiltration  water  has  carried  a  lot  of  nutrients 
and  other  materials  which  have  created  a  eutrophic  environment. 

Although  water  catchment  has  caused  some  negative  developments,  it 
has  also  spared  the  dunes  from  many  other  human  activities.  More  serious 
damage  to  the  dunes  caused  by,  for  example,  urbanisation  and  industrial¬ 
isation,  has  been  restricted  to  a  small  area  and  the  complete  loss  of 
dunes  has  been  confined  to  just  a  few  places:  the  urban  development  of 
The  Hague ,  the  construction  of  Europoort  and  the  North-Sea  Canal  with 
the  Hoogovens  and  IJmuiden,  and  the  levelling  of  the  inner  dunes  for 
bulb  and  limestone  industries. 

The  diversity  of  the  Dutch  coastal  dunes  is  due  to  the  variation  in 
the  four  factors  of  climate,  geology,  soil  forming  emd  human  interference 
as  well  as  the  occurrence  of  three  quite  different  types  of  dunes  along 
the  Dutch  coast  (see  the  discussion  on  main  types  of  Young  Dunes  below) . 

This  often  means  that  dune  areas,  or  small  sections  thereof,  show 
characteristics  that  are  not  found  elsewhere,  making  them  very  rare  indeed. 

The  following  paragraphs  will  give  a  short  account  of  the  variation 
discussed  here.  But  first  let  us  turn  briefly  to  the  characteristics  of 
the  Old  Dunes . 


3 .  The  Old  Dunes 

The  dunes  that  were  present  in  the  Netherlands  before  the  development  of 
the  Young  Dunes  (12th-13th  century  A.D.)  are  known  as  the  Old  Dunes. 
During  the  Holocene,  the  sea  level  rose  by  about  45  metres  because  of  an 
increasingly  warmer  climate.  The  North-Sea  basin  filled  up  with  water  and 
sand  banks  and  dunes  were  formed  at  the  boundary  between  land  and  water. 


4 


,0£N  HELOER 


iH*ARLEM 

'/ 


LEIDEN 


THE  HAGUE 

cross  ssctlon 
sss  Fig.  IB 


Fig.  lA.  Mainland  dunes  of  the  western 
Netherlands,  geological  and  topographical 
situation  (after  Bakker  et  al.,1979). 
Inset;  Coastal  dunes  of  the  Netherlands 
(hatched).  X=  Amsterdam,  2=  The  Hague, 
=  Meijcndel  dunes . 
a=  section  enlarged. 
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Figure  1B 


Fig.  IB.  Cross-section  of  the  coastal  barrier  conplex 
near  The  Hague  (from  Jelgersma  et  al .  ,  1970) 


For  a  long  tine  dune  accumulation  on  the  sand  banks  must  have  developed 
at  a  very  slow  pace  because  the*=**  small  dunes  would  have  been  flooded 
constantly  due  to  the  rising  sea  level.  When  the  rising  of  the  sea  level 
began  to  slow  down  the  dunes  were  able  to  establish  themselves  and  a 
seaward  movement  of  the  coastline  followed.  The  sandbanks  furthest  inland 
that  were  formed  in  2800-2100  B.C.  have  been  found  in  North-  and  South- 
Holland.  A  second  range  to  the  west  of  these  was  formed  between  1200-1500 
B.C.  Younger  dunes  to  the  west  of  this  range  have  been  swept  away  or 
reformed  as  Young  Dunes  (fig.  lA  and  IB). 

Sand  banks  and  their  dune  relief  (Old  Dunes)  are  alternated  with  low, 
flat  slacks  -  former  beach  plains  -  which  have  often  become  peaty.  Sand 
banks  including  old  dune  deposition  are  now  rarely  found  in  the  south-west 
of  the  Netherlands,  as  they  have  been  washed  away  by  the  sea.  The  Wadden 


Islemds  still  show  old  dune  depositions.  Part  of  the  Old  Dune  landscape 
(marine  depositions  and  Old  Dunes)  has  been  covered  by  Young  Dunes  since 
1100-1200  A.D.  The  remaining  part  has  been  excavated  or  cultivated  for 
the  bulb  industry.  This  may  indicate  the  value  of  the  unaffected  areas, 
both  for  their  original  relief  and  for  rich  vegetation,  owing  to  afforest 
ation  that  has  its  chief  national  distribution  in  these  areas  (north  of 
The  Hague,  Zuid-Kennemerland  and  around  Bergen). 

4.  Main  types  of  Young  Dunes 


A  number  of  islands  and  peninsulae,  separated  by  wide  inlets,  may  be  found 
in  the  (former)  estuaries  of  the  rivers  Rhine,  Maas  and  Schelde.  The  inlets 
are  wedge-shaped  because  of  the  strong  tidal  current.  Elaborate  systems 
of  sand  ban)ts  and  tidal  areas  in  the  estuaries  are  typical  (see  fig.  3). 

The  configuration  of  the  banks  and  gullies  changes  constantly.  In  some 
places  where  islands  are  eroded  they  wear  away  and  cave  in.  In  other  places 
growing  flats  enlarge  the  islands.  As  a  result  the  coastal  area  is  very 
dynamic,  with  rapid  coastal  deteriora’-ion  and  growth. 
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After  the  disastrous  storm  of  1953  (Zeeland)  it  was  decided  to  close 
most  of  the  inlets.  This  has  had  an  enormous  effect  on  the  coastal  processes. 
The  typical  estuarian  character  has  disappeared  completely  and  mainland 
characteristics  have  been  fostered. 


A  brief  description  of  the  dunes 

The  turbulent  historical  development  of  the  coast  has  given  it  a  varied 
geomorphological  composition.  Although  erosion  has  dominated,  coastal 
growth  has  locally  led  to  the  formation  of  beach  plains  which  are  sometimes 
enclosed,  as  in  northern  Walcheren,  Noord-Schouwen ,  Goeree,  and  a  beautiful 
example  is  to  be  found  on  Voome.  The  latter  dune  area  also  has  two  dune 
lakes.  Goeree  has  a  young  and  beautiful  area  of  nearly  closed-in  beach 
plains,  flowing  into  mud  flats.  Schouwen  has  blowout  dune  systems.  The 
relatively  old  transitional  areas  with  low  relief,  the  so-called  "kopjes"- 
dunes  (see  fig.  4),  are  specific  to  the  Netherlands  (the  intermediate 
dunes  of  Schouwen,  the  western,  middle  and  eastern  dunes  of  Goeree  and 
the  Heveringen  on  Voorne) .  The  oldest  sections  of  these  dunes  form  the 
boundary  between  Old  and  Young  Dunes.  They  are  relatively  decalcified  and 
uneven.  The  be^t  developed  examples  are  to  be  found  around  Ouddorp  and  Goeree 
(Westduinen) .  Some  coastal  areas  only  have  a  single  but  occasionally  high 
range  of  outer  dunes  (up  to  45  metres  in  southern  Walcheren)  caused  by 
continuous  erosion.  Coastal  erosion  is  a  current  problem,  as  can  be  concluded 
from  the  deterioration  and  mobility  of  the  outer  dunes.  Large  active  sand 
hollows  are  only  found  on  Schouwen.  Vegetation,  morphology  and  lime  content 
of  the  subsoil  vary  significantly  per  area  because  of  age  difference  and 
different  historical  development.  The  balance  between  accretion  and  erosion 
changes  from  south  to  north  with  a  maximum  loss  on  Walcheren  and  a  maximum 
growth  on  Voorne . 


Fig.  4.  The  so-called  "kopjes "-dunes 


The  complex  variation  in  environmental  circumstances  in  the  dunes  is 
very  clearly  reflected  in  the  vegetation.  Some  species  occur  which  are 
extremely  rare  elsewhere  in  the  Dutch  dunes  or  not  to  be  found  at  all. 

The  vegetation  of  the  wet  dune  valleys  is  of  particular  interest,  although 
it  must  be  noted  that  large  areas  are  subjected  to  considerable  disturbance 
of  the  water  balance.  Some  parts  of  Schouwen  and  Goeree  have  arid  areas, 
without  wet  valleys ,  and  places  where  water  is  recharged  from  outside  the 
dunes  for  water  supply.  However,  unaffected  areas  are  found  mainly  on 
Voorne  and  in  some  parts  of  Schouwen  and  Goeree  and  are  well  endowed 
with  wet  dune  valleys. 
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B.  The  mainland  coast  of  North-  and  South-Holland 

This  part  of  the  coast  forms  a  continuous  and  almost  straight  coastline . 
The  erosion/sedimentation  dynamics  are  basically  in  balance.  Changes  in 
the  coastline  and  the  foot  of  the  dunes  have  therefore  been  relatively 
insignificant  over  the  past  century.  Erosive  parts  may  be  found  in  the 
north  (Egmond-Den  Helder)  and  in  the  south  (south-east  of  The  Hague). 

The  so-called  lime  boundary  at  the  level  of  Bergen  is  an  important 
phenomenon  on  the  Dutch  mainland  coast  (see  Tedole  2).  Lime  deficiency 
occurs  north  of  the  Bergen  boundary,  whereas  a  high  lime  content  is  found 
to  the  south.  It  should  further  be  mentioned  that  in  this  area  a  large 
range  of  Old  Dunes  is  still  present  behind  the  Young  IXjnes  although  they 
have  often  been  excavated.  Two  sub-areas  may  be  distinguished:  Hook  of 
Holland-Bergen  and  Bergen-Petten. 


Calcareous  dunes  between  the  Book  of  Holland  and  Bergen 


With  the  exception  of  some  small  dune  areas  near  the  Book  of  Holland, 
this  area  is  characterised  by  dune  r2uiges  and  valleys  that  run  parallel 
to  the  coast.  Almost  the  entire  area  has  a  sand-drift  morphology  with, 
for  example,  secondary  barchans  ("loopduinen” j  often  on  the  inner  dune 
range,  see  fig.  5),  and  the  comb  dune  ranges  or  pareibolae  (see  fig.  6), 
all  characterised  by  compound  blowout  valleys  and  "kopjes"  areas.  The 
zone  directly  bordering  on  the  coast  (outer  dunes)  often  consists  of 
macro-parabolae  and  single  blowout  valleys. 


Fig.  5.  Secondary  barchans 


Broad  dune  areas  alternate  with  narrow  dune  areas .  Narrow  dune  areas 
may  be  found  in  places  where  there  were  formerly  tidal  inlets,  for  example 
in  the  estuary  of  the  Old  Rhine  (Katwijk)  and  the  IJ-estuary  (IJmulden) . 

The  broad  dune  areas  each  have  a  specific  morfA^ological  and  vegetational 
zoning.  The  Young  Dunes  often  have  covered  the  Old  Dunes  and  slacks. 
Therefore,  the  inner  dune  range  shows  contact  zones.  Dune  valleys  of  the 
Young  Dunes  are  sometimes  eroded  down  to  (or  very  near)  the  surface  of  the 
Old  Dunes.  The  contact  dunes  between  the  Old  and  the  Young  Dunes,  such  as 
those  near  Monster  and  De  Zilk,  are  of  special  interest. 

The  coastline  and  the  foot  of  the  dunes  in  this  coastal  area  have  remained 
fairly  stable  over  the  centuries,  with  the  exception  of  the  part  to  the 

south  of  The  Hague.  Cliff  forming  in  the  outer  dunes  is  rare  and  is  main¬ 

tained  only  briefly  as  a  result  of  human  intervention  and  other  factors . 

Sand  drift  -  necessary  in  preventing  the  formation  of  biotopes  related 
to  the  early  stages  of  the  secondary  succession  -  is  now  sometimes  allowed 

on  a  limited  scale,  but  is  generally  rare. 
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Fig  .  6 .  Comb  dunes 


The  dunes  of  this  area  have  been  affected  by  disruption  of  the  ground- 
water  system  more  than  any  other  Dutch  dune  area.  Nearly  all  dune  areas 
have  been  affected  by  water  extraction  for  the  water  supply.  Only  in  areas 
directly  behind  the  outer  dune  range  between  Castricum  and  Egmond  aan  Zee 
and  in  the  Kennemerdulnen  do  we  find  some  remaining  dune  valleys  with  only 
a  small  drop  in  the  water  table.  This  is  where  the  very  last  near -natural 
wet-valley  environments  are  still  to  be  found.  Although  the  ground-water 
table  has  risen  in  and  around  the  infiltration  areas  and  has  come  within 
the  reach  of  the  vegetation,  the  ground-water  condition  in  these  areas  is 
even  more  seriously  damaged.  Both  the  soil  and  the  ground-water  are 
polluted  by  materials  in  the  infiltration  water.  Locally,  a  lens  of 
precipitation  has  formed  on  top  of  the  infiltrated  water,  for  inst2mce 
at  the  level  of  Vogelenzang,  and  has  an  obvious  effect  on  the  vegetation. 
Fluctuation  routes  and  velocity  of  the  ground-water  are  usually  very 
different  from  the  natural  situation. 

Nevertheless,  the  broad  dune  areas  are  still  particularly  valuable.  They 
are  characterised  by  a  specific  zoning  and  a  rich  mosaic  of  communities, 
especially  on  the  arid  dune  slopes.  The  so-called  Dewberry  biotopes  of 
the  calcareous  comb  ^ne  zones  and  the  Bumet-Rose  slopes  of  the  inner 
dune  range  are  unique  in 'the  Netherlands,  as  are  the  rich  brushwoods. 


Dunes  with  a  lime  deficiency  between  Bergen  and  Petten 

The  lime  boundary  at  Bergen  is  one  of  the  roost  interesting  parts  of  this 
area.  The  subsoil  to  the  north  of  Bergen  has  a  general  lime  deficiency. 

To  the  south  of  Bergen  we  find  a  higher  lime  content.  The  area  north  of 
the  lime  boundary  reveals  characteristics  of  a  long  period  of  heavy  erosion. 
The  lack  of  minerals  and  the  low  fixation  quality  of  the  vegetation  are 
reflected  in  the  shape  of  the  dunes.  A  large  part  consists  of  secondary 
barchans  and  related  beach  plains.  The  high  dune  remges  to  the  east  including 
the  inner  dune  range  (50  metres  and  higher)  have  brought  each  other  to  a 
halt.  This  is  largely  due  to  human  interference:  the  inner  range  of  dunes 
was  fixed  and  was  from  then  on  immobile.  Cliff  forming  to  the  west  indicates 
a  mobile  range  of  outer  dunes  and  coastal  erosion.  This  dune  area  has  also 
been  subjected  to  a  conslderedsle  drop  in  the  ground-water  table ,  causing 
nearly  all  wet  valleys  to  dry  out.  The  strongly  increased  evaporation  caused 
by  large-scale  afforestation  (coniferous)  is  also  an  important  factor  in 
the  process  of  drying  out. 

The  typical  vegetation  of  wet  dune  valleys  has  almost  entirely  dis¬ 
appeared  from  the  area  between  Hoo)^  of  Holland  and  Petten. But  the  vegetation 
of  the  dry  dunes  currently  has  a  high  quality.  It  shows  subtle  landscape 
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zoning.  Some  types  of  landscape  on  the  main  land  of  North-  and  South-Holland 
are  unique  in  the  world. 

The  falling  water  table,  resulting  in  drying  out  of  the  valleys,  is  mainly 
caused  by  water  catchment.  Regeneration  of  the  dry  valleys  is  therefore  not 
difficult  to  achieve.  However,  regeneration  is  more  difficult  in  the  in¬ 
filtration  areas.  Parts  of  the  mainland  dunes  have  been  lost  as  nature 
reserves,  such  as  what  is  now  Europoort  (De  Beer),  the  land  on  which 
The  Hague  expanded,  and  IJmuiden  with  its  Hoogovens  (steel  industry)  and 
the  North -Sea  Canal . 


C.  The  Wadden  coast  including  the  North-Sea  Islands 

This  is  the  last  typical  range  of  the  Dutch  coastal  dunes.  It  shows  some 
similarity  to  the  estuarial  coast.  However,  the  Wadden  Islands  are  parallel 
to  the  main  coastline,  in  contrast  to  the  estuarial  islands,  and  are 
separated  by  inlets  that  connect  the  North  Sea  with  the  Waddenzee .  This 
configuration  is  possibly  even  more  dynamic  and  shows  spectacular  coast¬ 
line  developments  to  such  an  extent  that  the  islands  appear  to  be  mobile. 
Here  too,  the  system  of  sand  banks  or  “outer  delta"  outside  the  inlets 
has  an  important  role.  These  sandbank  systems  protect  the  islands  from 
waves  and  coastal  drifts  at  the  inlets  (fig.  7).  In  addition,  they  play 
a  part  in  the  regular  process  of  erosion  and  grovrth  of  the  islands.  The 
gullies  and  tidal  flats  of  the  sandbank  systems  in  the  inlet  move  eastward 
with  the  main  stream.  This  results  in  periodical  "running  ashore"  of  tidal 
flats  on  the  west  tip  of  the  neighbouring  island.  Occasionally  sand 
accumulates  on  the  east  tips  of  the  islands. 

The  shifting  of  gullies  can  also  result  in  considerable  losses  in  a 
short  timespan,  to  such  an  extent  that  islands  can  lose  hundreds  of  metres 
of  land  within  a  single  century.  Occasionally  the  North  Sea  breaks  through 
to  the  Waddenzee. 


The  Wadden  Islands:  Texel  to  Rottum 

The  Dutch  Wadden  Islands  are  related  to  the  German  and  Danish  Wadden  Islands 
in  their  geomorpholbgical  and' vegetational .aspects »  Within  this  dune  area 
with  a  lime  deficiency,  the  Dutch  and  East-Frisian  islands’  can  be  regarded 
as  relatively  high  in  lime  content  and  are  characterised  by  sea-buckthorn 
thickets  and  dune  grassland.  The  Wadden  Islands  of  Schleswig-Holstein  and 
Denmark  have  hardly  any  lime  at  all  in  the  subsoil  and  therefore  have  a 
mainly  ericaceous  vegetation  in  the  older  parts. 

The  dunes  on  the  Dutch  Wadden  Islands  have  experienced  a  dynamic 
development  with  an  ever  moving  coastline  and  dramatic  erosion  and  accretion. 
Related  to  this  is  the  fact  that  young  dunes  keep  appearing  on  the  beach 
plains  and  make  up  for  lost  ground.  An  extreme  case  is  Sc)iiermonnikoog , 
where  half  the  island  dates  from  the  last  century.  The  most  striking  changes 
occur  at  the  far  tips  of  the  Islands.  It  is  there  that  most  of  the  enclosed 
beach  plains  are  to  be  found;  on  the  east  tips  they  are  only  partially 
enclosed.  The  latter  often  reveal  unusual  gradients  towards  mud  flats. 

The  dune  structure  of  some  islands  betrays  their  composition  of  smaller 
cores  which  are  often  linked  by  sand-drift  dykes.  These  linkages  are 
recognisable  by  the  presence  of  enclosed  beach  plains  (Texel ,  Ameland) . 

The  slightly  older  dune  areas  consist  mainly  of  eroded  dunes.  Parabolic 
shapes  and  blowout  valleys  dominate.  Vlieland  and  Terschelling,  both 
characterised  by  a  low  mineral  content,  have  some  fine  exanples  of  second¬ 
ary  barchans. 
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Fig.  7.  Coastal  forms  and  processes  of  a  "Wadden  coast” 


The  forming  of  beach  dunes  and  new  slacks  can  still  be  seen  on  all  of 
the  islands  (fig.  8).  Sand  drift  in  fixed  dunes  causes  tt.e  forming  of  new 
valleys,  particularly  on  Vlieland,  Terschelling  and  Schiermonnikoog. 

Coastal  erosion  and  related  dune-cliff  forming  or  rolling  foredunes  affect 
large  parts  of  the  coast  of  Texel  and  Vlieland  and  parts  of  Terschelling  en 
Ameland. 

Each  island  has  its  own  specific  landscape  characteristics.  This  is 
related  both  to  the  factors  mentioned  in  Table  2  and  also  to  the  size  and 
stability  of  the  islands  (for  instance,  the  Pleistocene  core  of  Texel) 
and  its  former  agricultural  usage,  (On  Terschelling  and  Vlieland  the 
grazing  intensity  was  high  due  to  the  lack  of  suitable  pasture).  Due  to 
these  factors  the  vegetational  variation  between  the  islands  is  striking. 
This  part  of  the  Dutch  dunes  has  the  least  affected  ground-water  situation. 
Local  fall  in  the  ground-water  table  has  occurred,  but  hardly  ever  caused 
wet  dune  valleys  to  dry  out. 

Each  island  shows  Internal  landscape  zoning  as  a  result  of  recent 
accretion  (with  a  calcareous  vegetation),  sand  drift  (open  vegetation) 
or  long-term  stability  (closed  vegetation).  Through  the  salt  marshes,  the 
Islands  are  inextricably  linked  to  another  very  important  nature  reserve , 
the  Waddenzee. 


For  a  long  time  this  area  formed  a  mudflat  with  the  islands  't  Oghe 
(Callantsoog )  and  Huisduinen  at  its  core.  When  the  inlets  had  filled  up 
with  sand  these  cores  were  linked  by  sand  or  sand-drift  dykes,  ca.  1600. 

Due  mainly  to  human  activity  new  dune  ranges  developed  to  the  west  of 
these  dykes.  West  of  the  Zi jperzeedi jk ,  between  Petten  and  Callantsoog, 
a  fine  example  of  enclosed  beach  plains  has  developed  as  well  as  large 
dune  lakes  (Zwanenwater) .  The  dunes  between  Groote  Keeten  and  Huisduinen 
consist  of  no  more  than  a  (double)  range  of  coastal  dunes.  Most  of  the 
coast  is  being  eroded,  which  can  be  seen  from  the  active  dune  cliff  and 
a  coastal  dune  range  "rolling"  inland. 

At  present,  this  coastal  area  is  similar  to  a  closed  mainland  dune  range 
as  described  above.  The  ground-water  teible  in  this  area  has  not  been 
affected  much.  Large  areas  have  wet  dune  valleys  and  the  Zwanenwater  has 
two  large  dune  lakes.  Recently,  the  dunes  of  Den  Helder  began  to  reestablish 
their  dampness,  when  water  catchment  activities  had  been  stopped,  vrtiich  is 
a  unique  event. 


5.  Conclusions 

We  may  conclude  that  the  Dutch  dunes  cover  a  wide  area  and  have  a  wide 
variety  of  gradients  of  which  the  natural  ecosystems  have  been  well  pre¬ 
served  and  better  than  other  European  coastal  dune  areas.  Those  areas  in 
which  the  morphological  and  vegetational  qualities  have  degenerated  owing 
to  human  activity  are  essential  to  a  proper  understanding  of  the  larger 
ecosystem  and  have  their  own  potential  biological  qualities. 

It  would  not  be  justifi^d^le  to  point  out  specific  areas  for  preservation. 
The  entire  Dutch  dune  area  should  be  regarded  as  a  single  unit  and  should 
be  preserved  as  such.  In  this  light,  human  interventions  in  soil  and  relief, 
such  as  cutting  trenches  and  excavation,  are  even  more  damaging  than  its 
disruption  of  the  vegetation. 
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II.  THE  MEIJEWDEL  DUNES  NEAR  THE  HAGUE 


a)  Area  and  landscape 

Meljendel  is  a  dry  coastal  dune  area  of  about  2000  ha  (3,5  x  6  km)  In  size 
stretching  along  the  North  Sea  near  the  city  of  The  Hague  (see  fig.  9). 

It  forms  part  of  the  country's  last  major  nature  conservation  areas,  the 
dunes,  and  has  a  high  diversity  of  landscapes  ^md  associated  biocoenoses. 


Fig.  9.  Coastal  dunes  in  The  Netherlands  (hatched) 
and  location  of  Meijendel  area 
(1:  Amsterdam;  2:  The  Hague) 


The  dunes  consist  of  calcareous  (<  3%  free  CaC03)  marine  sands,  depo¬ 
sited  since  ed>out  1000  A.D.  over  an  older  landscape  which  is  referred  to 
as  the  "Old  Dunes",  a  coastal  barrier  con?>lex.  The  latter  still  crop  out 
to  the  east  of  Hel jendel . 

Geomorphologically ,  the  area  consists  of  mainly  secondary  dune  forms 
including:  regularly  ridged  foredunes,  parabolic  dunes  alternating  with 
(irregular)  depressions,  extensive  flats  with  abandoned  19th-century 
farmlands  and  a  broad,  more  or  less  transverse  inner  dune  ridge  with  main 
crest  perpendicular  to  the  prevailing  winds  and  with  a  steep  leeward  inner 
dune  face.  These  main  landscape  types  have  developed  almost  parallel  to 
the  coastline  (see  map) . 

Ihls  is  a  regression  coast  at  present  (e.g.  Doing,  1974;  Jelgersma  et 
al.,  1970)  with  a  steep  erosion  dune  cliff.  However,  because  of  stabilising 
techniques,  actual  retreat  of  the  coast  is  prevented.  Parabolic  dunes 
consist  of  a  more  or  less  arcuate  sand  body  with  trailing  "arms"  aligned 
in  the  direction  of  the  prevailing  onshore  westerly  winds. 
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They  often  have  short  steep  (>  15°)  slopes  and  hillsides  »(hich  are 
altematingly  exposed  in  northem/southem  or  landward/seaward  directions. 
Their  average  height  eibove  sea  level  is  10-20  m.  Most  depressions  lie  at 
2-8  m.  Highest  elevations  are  at  the  northern  inner  dunes  (25-35  m;  valley 
bottoms  at  5-10  m) .  In  the  southern  part,  inner  dunes  are  low  (2-10  m) 
and  the  “Old  Dune"  landscape  is  at  or  near  the  surface.  Somewhat  decalcified 
and  humose  topsoils  (0-10  cm)  mostly  occur  in  land  inward  dunes  and  at 
sheltered  positions.  Deep  (0-50  cm)  decalcified  sands  were  found  at 
abandoned  farm  lands.  Highest  pH  values  (8-8.5)  were  recorded  in  fore¬ 
dunes,  lowest  (3-4)  in  old  fields.  Locally,  wet  dune  valleys  are  present. 
They  are  fed  by  precipitation  and  artificial  groundwater  recharge. 

Plant  communities  of  the  xerosere  prevail :  sparse  pioneer  vegetation 
(Ammophila,  Carex,  Elymus)  (Ammophilion)  is  found  in  wind-active  parts; 
"grassland"  (with  Festuca's,  Rubus  and  much  moss  and  lichen)  (Galio- 
Koelerion)  and  dwarf shrubland  (Salix,  Ligustrum,  HippophaS)  (Berberidion) 
is  common  on  the  more  stablised  sites;  open  short  vegetation  (Comicularia , 
Campylopus,  Didranum,  Corynephorus ,  Cladonia's)  (Galio-Koelerion)  of 
stable  sands,  decalcified  at  the  top,  are  locally  common  in  the  inner  dune 
landscapes . 

Taller  shrubland  (Crataegus)  (Berberidion)  mostly  covers  sheltered 
position  of  northern/landward  slopes  and  valleys.  Summergreen  forest 
(Betula,  Quercuf  Populus)  (ulmion,  (Juercion)  is  found  in  inner  dunes  and 
on  f,.ats.  Affore;jtation  with  Pinus-trees  has  occurred  locally.  Planting  of 
young  trees  and  shrubs  is  mainly  restricted  to  Meijendel  Valley,  a  centre 
of  intensive  recreation.  The  names  of  the  phytosociological  syntaxa  (after 
Westhoff  and  den  Held,  1975)  are  given  in  braclcets. 

A  vegetation  map  (1:5000)  of  the  entire  area  was  made  earlier  by 
Boerboom  (1960). 


b )  Utilisation,  management  and  research 

The  Meijendel  dunes  are  an  example  of  the  integration  of  environmental 
conservation  and  civil  engineering  in  one  and  the  same  area:  they  are 
used  as  a  catchment  ar-ea  for  public  drinkwater  supply  for  the  city  of 
The  Hague  and  environs  (over  1  million  inhabitants')  by  the  Dune  Water.  Worlcs 
of  the  city.  At  the  same  time,  this  factory  is  also  responsible  for  nature 
conservation  and  management  and  for  the  supporting  applied  ecological 
research  in  the  area. 

Because  of  their  proximity  to  the  country's  most  densely  populated 
industrial  parts  (Rotterdam,  The  Hague,  Leiden),  the  dunes  fulfill  a  number 
of  functions  for  society.  Besides  drinlcwater  catchment  and  nature  conser¬ 
vation,  recreation  and  coastal  defence  are  the  main  present  uses.  Sometimes 
these  functions  are  conflicting,  sometimes  they  support  one  another.  Because 
Meijendel  is  too  small  to  separate  functions,  they  often  have  to  be  inte¬ 
grated  in  one  and  the  same  area.  Public  drinkwater  supply  systems  for  the 
city  of  The  Hague  have  been  developed  since  1874.  Since  1955,  the  system 
applied  is  (i)  artificial  groundwater  recharge  with  purified  river  water 
in  open  surface  reservoirs  and  abstraction  with  undeep  recovery  means 
(wells,  pipelines),  (ii)  slow  sand  filtration  in  the  dunes,  and  (iii) 
recovery  and  post-treatment  before  distribution  into  the  city.  In  1982 
about  47  million  m’  of  drinking  water  was  produced  In  this  way.  The  "wet 
surface"  (artificial  dune  lakes)  of  Meijendel  is  about  10  ha  (5%  of  total). 

Because  of  coastal  defence,  dunes  are  routinely  stabilised.  This  activity 
drastically  reduces  the  natural  geomorphic  dynamics  of  the  dunes. 

The  proximity  of  large  cities  leads  to  a  high  dememd  for  recreation. 

More  than  1  million  visitors  per  year  come  to  the  area. 


Land  ecological  research  in  recent  years  has  yielded  much  Information 
about  physic  and  biologic  characteristics  of  the  dune  reserve.  Ibis  inform¬ 
ation  is  being  used  as  a  basis  for  management  in  an  integrated  manner,  that 
is  a  form  of  management  which  takes  into  account  different  kinds  of 
utilisation  in  one  and  the  same  area .  A  dynamic  conservation  practice  is 
essential.  The  management  aims  at  the  conservation  of  ecological  processes. 
It  is  a  primary  principle  that  management  should  work  within  the  frametrork 
of  natural  patterns  and  cycles,  rather  than  change  them.  To  support  this 
kind  of  management  the  Landscape  en  Environmental  Research  Group  of  the 
University  of  Amsterdam  carries  out  an  applied  research  programme  in  the 
area.  This  programme  consists  of  process -monitoring,  computer-modelling 
of  processes  and  land  ecological  mapping. 

During  the  excursion  you  will  see  some  of  this  work.  The  projects  are 
being  carried  out  in  co-operation  with  the  Department  of  Dune  Management 
of  the  Water  Work  Company,  vbich  is  responsible  for  the  management. 
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in.  EXCURSION  SITES  IN  MEIJEJIDEL 

A  LANDSCAPE  MAP  FOR  COASTAL  DUNE  MANAGEMENT  -  IIEIJENDEL,  THE  NETHERLANDS 


ABSTRACT 

A  2000  ha  coastal  dune  area  ne2ur  a  densely  populated  part  of  western 
Holland  serves  multiple  functions:  nature  conservation,  water  catchment, 
recreation  and  coastal  defence.  The  area  has  been  mapped  at  scale  1:5000 
to  aid  In  the  development  of  management  policies  talcing  all  four  uses  into 
account.  The  final  landscape  map  and  legend  are  based  primarily  on  terrain 
form  and  associated  vegetation  structure;  floristic  composition  is  also 
indicated.  The  importance  and  limitations  of  the  map  for  management  planning 
are  discussed. 
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Fig.  1C.  Airphoto  cf  part  of  the  Meijendel  dunes  with  contours  of  the  final  landscape 
mar  . 

From  north  to  south,  th?  following  landscape  types  can  be  seen:  eNtensive  dune  valleys 
mainly  with  tall  Crataegus  shrubland  (legend  unit  27),  infiltration  lake  (33)  and 
recovery  systc-ns  {32);  parabolic  dunes  with  sparsely  vegetated  southern  slopes  (7) 
and  northern  slopes  carrying  more  dense  and  taller  vegetation  (8,  9,  10);  former 
farmlands,  with  dune  forest  of  birch,  poplar  and  hawthorn  (30). 

(photo;  E. A. J. Wanders ,  from  1:5000  true  colour  photo,  1982). 
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BlyOHOUTS 


For  more  than  a  century,  dune  management  In  the  Netherlands  has  been 
concerned  with  fixation  of  wind  erosion  surfaces.  Gradually,  the  reg¬ 
ulations  have  been  slackened  somewhat  and  sand  is  allotted  to  move  more 
freely,  it  saves  the  costs  of  expensive  stabilisation  measures  and 
restores  the  dynamic  character  of  the  dune  landscape. 

To  preclude  undesir2tble  developments,  it  is  necessary  to  understand 
the  wind  erosion  processes.  Fpr  this  purpose  a  monitoring  programne  was 
started  in  1983,  in  a  part  of  Heljendel  near  The  Hague.  All  stabilising 
measures  in  this  area  were  suspended  for  an  indefinite  period.  Ihe  terrain 
is  closed  to  the  public.  The  size  of  the  area  is  about  40  ha. 

Wind  erosion  is  most  apparent  in  blowouts,  shallow  depressions  of 
round  or  elongated  outline,  vihlch  are  particularly  sensitive  to  wind 
action  because  they  are  free  of  vegetation.  'Ihe  orientation  of  the  blowouts 
shows  that  they  are  modelled  mainly  by  the  prevailing  SW  winds.  However, 
the  strongest  winds  along  the  coast  are  mostly  from  the  NW.  Irrespective 
of  direction,  wind  speeds  between  9  and  10  m/s  are  most  effective  (Jungerlus 
et  al.,  1981).  It  appears  that  blowouts  are  adjusted  to  an  aerodynamic  system 
operative  when  wind  speeds  are  within  this  reuige.  With  stronger  winds,  deep 
blowouts  show  a  tendency  to  be  filled  in.  This  is  presumably  due  to  Increased 
turbulence  which  prevents  transport  of  sand  in  the  main  direction  of  the  wind. 

Up  to  the  winter  of  1987,  there  were  some  more  than  30  blowouts.  Each 
blowout  is  marked  with  5  erosion  pins  (fig.  11).  Surface  lowering  or  raising, 
and  growth  or  decrease  in  size  of  the  blowouts  is  measured  relative  to  these 
erosion  pins.  Changes  are  measured  twice  each  year. 


Fig.  11.  The  position  of  the  erosion  pins  in  the  deflation 

part  of  the  blowout.  The  arrow  indicates  the  direction 
of  the  prevailing  wind  (Jungerius  and  van  der  Meulen,1985) 


Some  of  the  results  so  far: 

-  Blowouts  have  a  preferred  length  and  width  (fig.  12)  .  Apparently  nature 
itself  provides  a  number  of  mechanisms  that  impede  the  growth  of  blowouts 
beyond  a  certain  size. 

-  From  November  1983  to  December  1986  the  average  length  decreased  from 
26.8  to  25  m  (n  =  32).  Decrease  was  measured  mostly  at  the  leeward  side, 
where  marram  grass  captured  sand  blown  from  the  blowout.  In  spite  of 

the  decreasing  length,  most  blowouts  grew  in  length  against  the  prevailing 
southwesterly  wind:  only  4  blowouts  became  shorter  at  the  leeward  side. 

At  least  two  of  these  are  probeibly  stabilised  by  algae. 

-  In  the  same  period,  there  was  an  increase  in  the  average  width,  from 
12.7  to  14.3  m.  As  a  result,  the  total  deflation  area  Increased  about  12% 
in  three  years  time,  from  1.14  to  1.28  (i.e.  from  2.8%  to  3.2%  of  the 
total  terrain). 
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Fig.  12.  Blowouts  classified  according  to  length  and  width 


The  sudden  increase  in  number  in  1987  is  considered  to  be  site-specif ic , 
due  to  a  sequence  of  dry  and  wet  periods  during  which  erosion  by  water  and 
by  wind  alternated.  Humic  sand  was  washed  from  the  slope  and  exposed  yellow 
sand  which  is  sensitive  to  wind  erosion  at  the  upper  side  of  the  slopes. 

In  "De  Blink"  near  Noordwljkarhout,  another  area  where  dune  research  of 
the  FGBL  is  concentrated,  there  was  much  increase  in  deflation  area  between 
1984  and  1986  (fig.  13)  . 
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Fig.  13.  Increase  in  blowout  number  (upper  part) 
and  length  (lower  part)  in  "De  Blink"  near  Noord- 
wijkerhout  (Hopman  and  Jungerius,  1987)  as  measured 
from  sequential  air  photographs. 


The  formation  of  blowouts  begins  with  deflation  patches  a  few  metres  in 
diameter.  Host  of  these  disappear  within  the  year.  Why  others  gradually 
deepen  and  become  full-grown  blowouts,  is  not  known. 

The  growth  of  most  blowouts  stagnates  after  some  time.  In  "De  Blink", 
some  blowouts  have  expanded  to  deflation  planes  100  ra  or  more  in  length. 

It  was  found  that  these  blowouts  were  located  in  ridges  where  the  leeward 
slope  of  the  terrain  is  between  6°  and  10“  downward  (fig.  14).  Wind  regime 
on  these  planes  is  continuous,  as  against  gusty  in  the  blowouts.  This  means 
a  memifold  increase  in  efficiency  for  erosion  and  transport. 
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Fig.  14.  The  dependence  of  blowout  growth  on  terrain  slope 

at  leeward. 

a)  upward  slope;  accumulation  of  sand  inhibits 
further  growth; 

b)  downward  slope  of  6°  to  10“:  the  blowout  can 
develop  into  a  deflation  plane; 

c)  steep  downward  slope:  accumulation  of  sand  slows 
down  blowout  growth  (Noest,  1987) 


(van  Gelder,  1988)*  Thus,  for  characterising  v»ter  repellence  under  field 
conditions,  san^ling  over  larger  areas  than  is  done  by  the  WDPT  test,  is 
necessary. 
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Wessel  also  found  a  positive  relationship  between  water  repellence  and 
organic  matter  content  in  dune  soils  (fig.  17)  .  Later  research  has  made  it 
clear  that  not  all  organic  matter  in  dune  soils  if  highly  water  repellent 
when  dry.  It  appears  that  it  is  the  organic  matter  produced  by  mosses,  and 
possibly  algae  and  lichens  which  show  this  property.  Making  surface  sand 
water  repellent  could  be  regarded  as  a  strategy  of  these  shallow  rooting 
plants  to  keep  the  rainwater  they  need  from  disappearing  into  the  soil. 
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Fig.  17.  Relationship  of  the  logarithm  of  the  WDPT  and  the 
cosine  of  the  initiative  effective  contact  angle,  a'i: 

cos  a'i  =  -0.151  log  WDPT  -0.17  R=0.64 

The  classification  indices  of  both  Fink  and  Rietveld  are  written 
in  the  vertical  axis.  The  classification  index  of  water  repellency 
according  to  the  WDPT  by  Adams  et  al.  (1969)  is  shown  on  the 
horizontal  axis. 

Fink:  la  =  non  repellent 

Ib  =  water  repellent 

Rietveld:  lla  =  non  repellent 

lib  =  low  to  moderately  repellent 

lie  =  extremely  repellent 

Adams  et  al.:IIIa  =  non  repellent 

Illb  =  slightly  repellent 

I lie  =  strongly  repellent 


24 


Mater  repellence  may  be  beneficial  for  certain  plant  forms,  it  is  bad 
for  slopes  in  terms  of  slope  instability  and  soil  erosion.  Table  3  shows 
for  a  dune  ridge  near  Noordwijkerhout  that  on  an  annual  basis,  most  material 
is  washed  from  south  expos,  3  slopes  in  summer  when  soils  are  water  repellent. 
In  an  erosion  survey  north  of  IJmuiden  it  appeared  that  the  surface  of  dune 
slopes  are  much  more  affected  by  water  erosion  than  by  wind  erosion  (Tzdale  4). 


Table  3.  Amount  of  sand  reaching  the  base  of  a  dune  slope  near  Noord¬ 
wijkerhout  in  the  period  between  1.1.1979  to  30.10.1980. 

The  figures  have  been  calculated  from  data  by  Rutin  (1983) 


Process 

exposure 
of  slope 

season 

vegetation 
cover  (%) 

transport  (cm’  per  m 
slope  width) 

splash 

north 

winter 

50 

38 

summer 

76 

8 

south 

winter 

12 

256 

summer 

18 

145 

slope  wash 

north 

winter 

0 

summer 

224 

south 

winter 

3431 

summer 

12072 

wind 

north 

<250 

south 

250-2500 

rabbit  diggings 

16 

Table  4.  The  surface  of  landscape  units  with  a  discontinuous  vegetation 

cover  which  has  been  eroded  by  wind  and  water  in  a  surveyed  area 
north  of  IJmuiden  (Jungerius  and  van  der  Meulen,  1988 


total 

erosion 

surface 

wind 

water 

landscape  unit 

ha 

ha 

% 

ha 

% 

interdune  area 

36 

18 

50 

2  ’ 

6 

do,  with  secondary  dunes 

23 

11 

48 

4 

17 

parabola,  moderate  slope 

25 

4 

16 

10 

40 

do,  steep  slope 

50 

17 

34 

42 

84 

do,  level  summit  area 

19 

5 

26 

4 

21 

total 

153 

55 

36 

62 

41 

The  colour  of  the  sand  exposed  at  the  surface  can  be  used  as  a  criterion 
of  sensitivity  to  erosion:  clean,  yellow  sand  is  incoherent  and  easily 
taken  up  by  wind,  byt  extremely  permeable  and  therefore  relatively  un¬ 
affected  by  runoff,  whereas  humic,  grey  sand  is  water  repellent  when  dry 
and  sensitive  to  erosion  by  water  but  not  by  wind  (see  Table  5) .  With 
these  simple  field  criteria  is  has  been  possible  to  map  erosion  resistance 
and  hazard  in  dune  areas . 

It  has  recently  become  clear  that  water  repellence  is  indirectly  also 
an  is^rteuit  cause  of  wind  erosion.  One  of  the  research  topics  demonstrated 
during  the  excursion  is  blowout  development.  In  an  area  of  about  40  ha  in 
Meijendel,  all  blowouts  have  been  measured  twice  a  year  since  1983.  Up  to 
Januarl  1987,  the  number  of  blowouts  remained  more  or  less  constant  at  30 
to  33  individuals.  In  June  1987,  their  number  had  suddenly  increased  to 


over  SO.  The  reason  Is  that  In  the  spring  of  that  year,  one  or  two  rain¬ 
storms  washed  water  repellent  grey  sand  from  slopes.  The  underlying  clean, 
yellow  sand  became  exposed  at  the  surface  of  the  upper  slope  sections. 

It  was  here  that  In  a  subsequent  period  of  easterly  winds  the  new  blowouts 
were  formed. 


Table  5.  The  distribution  of  the  observations  over  the  resistance  classes 
^md  the  classes  of  erosion  by  wind  and  overland  flow.  Each 
observation  represents  a  mapping  unit  (Hulshoff  et  al.,  1986) 


wind 

water 

total 

0 

1 

0 

1 

yellow,  clean  sand  exposed 

31 

106 

53 

84 

137 

grey ,  humic  sand  exposed 

307 

107 

33 

381 

414 

closed  vegetation  <1  m  high 

623 

15 

600 

38 

638 

closed  vegetation  >1  m  high 

141 

1 

136 

6 

142 

THE  CONTRIBUTION  OF  ALGAE  TO  THE  NATURAL  STABILISATION  OF  BLOWOUTS 


An  important  role  in  the  early  stabilisation  of  drifting  sand  is  played 
by  micro-organisms.  The  vegetation  development  on  eroded  surfaces  often 
begins  with  algae  which  increase  the  resistance  of  the  surface  to  deflation 
by  forming  crusts.  Algal  crusts  consist  of  cyanobacteria  (blue-green  algae) 
and  green  algae. 

In  co-operation  with  the  LeUsoratory  of  Microbiology  of  the  University 
of  Amsterdam  the  contribution  of  algae  to  the  natural  stabilisation  of 
wind  erosion  surfaces  is  being  studied.  In  1986  the  investigation  started 
in  the  coastal  dune  area  of  Meijendel,  near  The  Hague.  This  stu(^  is 
still  going  on  and  shows  that  cyanobacteria,  mainly  Osclllatorla  and 
Microcoleus  are  the  first  colonizers  of  blowouts  (fig. 18).  The  algal 
surface  layer  starts  to  grow  during  wet  periods  when  sand  containing 
plant  debris  and  algal  cells  is  deposited  into  the  blowouts.  Most  of 
the  initial  algal  colonization  can  only  be  onserved  by  microscopic  study. 
Under  stable  conditions  the  cyanobacteria  are  followed  by  the  green  alga 
Klebsormidium  flaccidum,  which  develops  an  algal  mat  above  the  sand 
surface.  Due  to  this  difference  the  green  alga  predominates  in  the  centre 
of  the  well  developed  algal  mats ,  while  relatively  more  cyanobacteria  are 
found  towards  the  boundary  (fig. 19). 


Fig.  18.  Picture  of  a  light  microscopic  plate  talcen 

from  a  wet  sample  of  a  Microcoleus-dominated 
crust. 


Algae  bind  soil  particles  together  by: 

-  entwining  them  in  a  mechanical  fashion  by  the  filaments; 

-  cementing  them  with  slime  (polysaccharides)  located  on  the  mucilaginous 
sheaths  surrounding  the  algal  cells  (fig.  20) . 

Sand  samples  covered  by  different  types  of  algal  crusts  are  collected 
in  the  field  or  cultivated  in  the  laboratory  to  determine  the  resistance 
against  wind  erosion,  using  a  wind  simulator.  The  extent  of  stabilisation 
of  sand  surfaces  by  algal  crusts  is  assessed  from  the  determination  of 
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Fig.  19.  Blowout  no.  18;  course  in  the  ratio  between  the 

cyanobacteria  and  green  algae  present  (B)  and  the 
geomorphological  development  at  the  sampling  sites  (A) . 

the  threshold  wind  velocity  value.  It  is  observed  that  most  types  of 
algal  crusts  face  little  threat  of  being  blown  away  but  are  more  damaged 
by  the  mechanical  action  of  the  constantly  moving  sand  grains. 

Monthly  observations  are  being  made  of  the  geomorphological  development 
of  blowouts  in  relation  to  the  algae  present.  These  show  that  spatial 
patterns  in  stabilisation  are  generally  determined  by  the  local  geomorph¬ 
ological  situation  at  the  blowouts,  which  causes  differences  in  sand 
dynamics  (frequency  and  amount  of  sand  transport)  in  blowouts  at  a  certain 
wind  force  and  wind  direction.  Generally  algae  are  able  to  colonize  small 
blowouts  completely,  while  in  large  blowouts  algae  are  found  periodically 
at  the  windward  part  of  the  blowout  (fig.  21). 
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electron  micrograph  showing  a  dry  crust  sample 
ccntaininc  small  cyanobacteria  of  the  LPp  group  on 
the  surface  c5  the  sand  grain  and  large  filaments 
■of  Csuillatprra-. 


Tempcral  fluctuations  in  algae  density  are  dependent  on  a  number  of 
factors  of  which  climate  is  one  of  the  most  important.  During  the  dry 
spring  ci  1-  ;  the  biomass,  exi^ressed  as  the  amount  of  chlorophyll  was 
at  the  lowest  ievil  :  C.  1-0.3  ji  /cm'  ,  while  the  year  before,  during  the 
rainy  period  from  July  till  November,  it  was  5  times  as  high. 

To  establish  hew  representative  the  situation  in  Meijendel  is  of  sand 
drift  areas,  new  investigations  are  being  started  on  tlie  island  ;jf 
Schiermonnikcog ,  alono  the  coast  of  North-  and  South-Holland  and  in 
an  inland  dune  area  near  Hilversum. 
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HYDROLOGICAL  AND  CLIMATOLOGICAL  RESEARCH  IN  THE  DUNES 

In  the  dune  area  of  Meijendel,  located  near  The  Hague,  the  Department  of 
Physical  Geography  and  Soil  Science  of  the  University  of  Amsterdam,  and 
the  Municipal  Drinking  Water  Company  of  The  Hague  Jointly  operate  a  site 
for  measuring  hydrological  and  meteorological  variables.  Ibe  measurement 
site  is  located  on  a  south-west  oriented  slope  in  the  dune  area.  For  two 
small  areas  of  10  m'  each,  weekly  runoff  and  sediment  catch  is  registered. 
Monitoring  takes  place  of  soil  temperature  and  soil  moisture  profiles, 
of  groundwater  levels  (at  both  the  top  and  the  bottom  of  the  slope),  and 
of  rainfall,  air  humidity  and  temperature,  and  wind  velocity  and  direction. 
Also  several  splash  boards,  sand  traps  and  erosion  pins  are  installed. 

The  measurements  started  at  the  end  of  1986,  but  monitoring  started  only 
recently.  Monitoring  interval  is  an  hour,  Ihe  chemistry  of  rainfall, 
runoff  and  groundwater  is  analysed  on  a  weekly  (anorganic  constituents) 
and  monthly  (organic)  time-basis. 

The  measurements  are  particularly  directed  towards: 

-  modelling  of  infiltration  characteristics  of  dune  sands.  Following 
prolonged  dry  periods,  the  dune  sand  tiecomes  strongly  water  repellent, 
and  showers  then  lead  to  erosion  by  surface  runoff: 

-  modelling  of  transport  of  solutes  to  the  groundwater  reservoir.  As  ground- 
water  is  used  for  drinking  water  production,  and  as  rare  plant  species 
may  locally  depend  on  groundwater,  pollution  has  harmful  effects; 

-  characterisation  of  hydrological  and  climatological  conditions  in  dune 
valleys,  to  be  used  in  ecological  modelling. 

Special  attention  is  focussed  on  water  repellency  of  the  dune  sands. 
Results  of  earlier  measurements  by  the  Department  of  Physical  Geography 
and  Soil  Science  (Rutin,  1981),  as  well  as  preliminary  data  analysis  of 
data  on  rainfall  and  runoff  from  the  measurement  site,  indicate  that 
generally  runoff  coefficients  are  very  low  in  the  dunes  (about  1%) . 
Nevertheless,  because  of  water  repellency,  runoff  coefficients  for  indi¬ 
vidual  rainfall  events  can  be  rather  high.  In  fact,  the  portion  of  the 
Meijendel  dune  area  affected  by  water,  as  mapped  by  Van  der  Kraaij  (1985), 
is  larger  than  that  affected  by  wind  erosion.  It  has  been  found  convenient 
to  complement  field  measurements  of  water  repellency  (by  means  of  the 
water  drop  penetration  time  test)  by  experiments  in  the  laboratory 
(Van  Gelder,  1988). 
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VEGETATION  SUCCESSION  ON  OLD  FIELDS  IN  THE  DUNE  VALLEY  "BIERLAP", 

INTERPRETED  FROM  AERIAL  PHOTOGRAPHY  BY  MEANS  OF  A  GEOGRAPHICAL 
INFORMATION  SYSTEM 

In  this  study,  four  sets  of  aerial  fiiotographs  (1938,  1953,  1975  and  1985) 
are  used  for  studying  the  changes  in  vegetation  structure,  as  characterised 
by  the  occurrence  of  several  dominant  species.  Changes  in  vegetation 
structure  have  been  analysed  Instead  of  changes  in  the  vegetation  on  a 
species  level .  Itiese  changes  occur  too  rapidly  in  relation  to  the  time 
interval  chosen  and  can  not  be  distinguished  on  the  oldes  three  sets  of 
photographs . 

The  photographs  used  differ  greatly.  The  first  two  sets  are  in  pan- 
chroBBtic  blac)c  and  white,  scale  1:10,000,  while  the  other  two  sets  are 
in  false  colour,  scale  1:2,500.  From  these  photographs  maps  have  been 
derived  by  using  a  legend  with  8  types  of  vegetation  structure.  The  legend, 
with  some  of  the  dominant  species ,  reads : 

1.  bare  sand;  2.  moss  and  grassland  vegetation;  3.  open  low  shrub  (Hippophae 
rhamnoides);  4.  closed  low  shrub  (idem);  5.  open  high  shrub  (Crataegus 
monogyna):  closed  high  shrub  (idem);  7.  open  woodland  (Betula  pendula, 
Populus  tremula);  8.  closed  woodland  (idem);  9.  disturbed  areas. 

Each  of  the  four  maps  has  been  converted  into  1:5,000  raster  maps, 
which  have  been  euialysed  by  using  a  geographical  information  system  on 
a  raster  basis  with  a  grid  size  of  12,5  x  12,5  m  in  the  field.  From  these 
raster  maps  a  transition  diagram  of  the  vegetation  structure  has  been 
derived  (fig.  22).  This  diagram  reveals  the  vegetation  succession  in  the 
past  half  century  in  the  dune  valley  "Bierlap". 


(••• 


Figure  22 


The  stac)ced  bars  show  the  relative  area  (in  percentage  of  the  total 
area)  of  each  vegetation  structure  type.  Thin  lines  represent  10-50% 
frequency,  thiclt  lines:  more  than  50%  frequency,  interrupted  lines:  auto 
transitions  with  10-50%  frequency,  dotted  lines:  auto  transitions  with 
more  than  50%  frequency  (after  Van  Dorp  et  al . ,  1985). 

Although  the  number  of  transitions  is  overestimated,  because  of 
locational  errors,  some  conclusions  can  be  drawn  from  this  figure: 

1.  The  vegetation  succession  is  very  dyneunic;  2.  Multiple  pathways  do 
occur;  3.  While  the  area  of  moss  and  grassland  vegetation  does  not  sig¬ 
nificantly  change,  it  is  involved  in  a  great  number  of  transitions;  4.  The 
area  with  closed  high  shrub  steadily  increases,  particularly  at  the  cost 
of  moss  and  grassland  vegetation  and  open  high  shrub;  5.  The  area  with 
open  high  shrub  steadily  decreases,  which  leads  to  an  increase  in  moss  and 
grassland  vegetation  and  closed  high  shrub. 
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A  GEOGRAPHICAL  INFORMATION  SYSTEM  AS  A  TOOL  FOR  MANAGING  THE  COASTAL 
DUNES  OF  THE  NETHERLANDS 


In  light  of  the  ecological  complexity  of  the  dunes  and  In  the  light  of  the 
different  functions  of  the  Dutch  coastal  dunes  (coastal  defence,  supply  of 
drinking  water,  recreation,  nature  conservation;  van  der  Meulen  et  al., 
1985)  managing  a  coastal  dune  area  Is  rather  complex.  Interpretation  and 
Integration  of  the  different  aspects  of  the  dune  landscape  cm  be  facil¬ 
itated  by  the  use  of  a  Geographical  Information  System  (GIS)  .  A  GIS  Is  a 
dataset  of  geographical  Information  (maps)  with  special  coiqxiterprograms 
to  process  the  different  types  of  Information.  Hlthln  the  Department  of 
Physical  Geography  and  Soil  Science  of  the  University  of  Amsterdam,  a 
research  program  Is  carried  out  In  order  to  Investigate  the  feasibility 
of  GIS  In  the  context  of  dune  management. 


In  the  first  Instance  a  raster  data  structure  has  been  adopted.  A  dis¬ 
advantage  of  this  type  of  data  representation  is  the  generalisation  of 
natural  boundaries  of  the  land  vmits  into  right  angle  boundaries  of  the 
land  units  (fig.  23).  Main  research  issues  are: 

-  which  aspects  of  the  landscape  have  to  be  considered  in  GIS 

-  vrtiat  size  of  grid  cell  is  best 

-  in  what  way  are  the  different  types  of  information  to  be  combined  into 
meaningful  conclusions  with  respect  to  management 


grid  cell  size:  lOn  x  lOn 


Fig.  23.  Part  of  the  soil  map  of  De  Blink  and  raster  maps  of  the  same 
area  with,  different  grid  cell  sizes. 


In  selecting  the  aspects  of  the  landscape  to  be  surveyed  a  hierarchical 
landscape  model  has  been  adopted  (Bakker  et  al . ,  1981).  In  this  model  the 
following  components  are  to  be  distinguished:  climate,  geology,  relief, 
groundwater,  soil,  vegetation  Md  fauna.  The  components  are  influenced  by 
certain  processes,  such  as  climate  change,  succession,  erosion,  etc.  Then, 
in  GIS  characteristics  of  selected  landscape  components  and  processes  are 
stored,  in  order  to  predict  certain  changes  in  the  landscape  and  to  predict 
the  effect  of  management  strategies. 

The  sensitiveness  of  the  landscape  components  to  certain  processes  (for 
example,  erosion  by  water  or  wind  activity)  will  be  evaluated  by  multi¬ 
variate  regression.  This  sensitiveness  tells  the  terrain  manager  which 
areas  are  to  be  given  priority  in  management.  For  certain  combinations 
of  processes  euid  landscape  components,  measures  of  sensitiveness  can  be 
found  in  the  literature  (for  instance:  Noest,  1987). 

To  select  an  optimal  grid  cell  size,  a  survey  has  been  carried  out  in 
two  sample  areas:  De  Blink  and  Zwanenwater  (fig.  24).  On  the  basis  of  a 
morphological  survey,  a  soil  survey  and  a  vegetation  survey  of  a  small 
part  of  the  sample  areas,  five  components  of  the  landscape  have  been 
researched  at  a  scale  112.000  (Assendorp,  1988).  These  components  are. 
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Fig.  24.  The  Dutch  coast  with  the  two  survey  areas 


in  their  hierarchigal  sequence:  physiography  (relief),  exposition,  soil, 
soil  coverage  and  vegetational  structure.  For  every  component  in  both  areas 
raster  maps  have  been  made  with  grid  sizes  of  ISmx  ISm,  lOmx  10m  and 
5  m  X  5  m.  The  mismatch  is  the  total  area  of  wrongly  allotted  character¬ 
istics  in  the  raster  map,  as  compared  to  the  base  map.  Table  6  gives  the 
results  for  all  maps  and  for  the  three  grid  cell  si zes .  Assuming  a  mismatch 
of  10%  or  less  (Ankum,  1986)  to  be  acceptable,  it  must  be  concluded  that, 
for  the  legend  adopted,  a  grid  cell  size  of  5  m  x  5  m  would  be  necessary. 


Table  6.  Total  mismatch  per  map  for  each  gril  cell  size 

fys  -  physiography  bl  -  De  Blink 

bod  -  soil  3w  -  Zwanenwater 

exp  -  exposition 

bed  -  soil-coverage 

veg  -  vegetation  structure  •  .  •  '  .  ,  _ 

type  map 

grid  cell ;  blfys  zwfys  blexp  zwexp  blbod  zwbod  blygii  zweq  blbed  zwbed 


19% 

14% 

20% 

9% 

22% 

18% 

25% 

23% 

20% 

1% 

10m* 10m 

14% 

11% 

15% 

9% 

16% 

16% 

18% 

18% 

14% 

1% 

5m*  5m 

7% 

7% 

8% 

7% 

9% 

10% 

9% 

10% 

8% 

1% 
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DUNE  RESEARCH  OF  THE  LABORATORY  OF  PHYSICAL  GEOGRAPHY  AND  SOIL  SCIENCE 
(FGBL) 


The  natural  landscape  of  the  dunes  along  the  Dutch  coast  is  the  result  of 
the  interaction  of  geomorphological  and  biological  processes  (fig.  25).  The 
geomorphological  processes  comprise  the  activities  of  wind  and  water. 
Generally  they  introduce  elements  of  instability  in  the  landscape.  Biological 
processes  include  i.a.  the  production  of  living  and  dead  biomass,  both  above 
ground  and  underground.  These  processes  contribute  to  the  landscape  stability 
Li)ce  the  landscape,  the  soil  is  also  the  product  of  the  interaction  of  the 
two  groups  of  processes.  The  soil  profile  therefore  reflects  the  balance 
between  geomorphological  and  biological  processes  at  any  point  in  the  terrain 
and  can  therefore  be  used  for  mapping  the  dynamics  of  landscape  formation. 
Dune  research  of  the  FGBL  is  focussed  at  this  interaction  of  landscape 
forming  processes  in  its  widest  sense. 


Figure  25 
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Modern  dune  management  is  process-oriented.  To  satisfy  the  needs  set 
by  the  many  functions  of  the  dune  landscape  (coastal  defense,  water  ex¬ 
traction,  nature  conservation,  recreation,  etc.),  continuous  interference 
with  these  processes  is  necessary.  The  FGBL  co-operates  with  the  Dune  Water 
Wor)cs  of  The  Hague  in  a  common  research  programme,  aimed  at  providing  the 
scientific  nase  for  effective  management. 

Current  research  topics  are: 

-  the  natural  development  of  blowouts 

-  the  role  of  algae  in  the  spontaneous  stad^ilisation  of  blowouts 

-  the  contribution  of  moss  sp.  to  the  production  of  humic,  water-repellent 
dune  sand 

-  hydrology  of  a  dune  slope : 

*  the  contribution  of  rainwater  to  quantity  and  quality  of  groundwater, 
including  the  effect  of  vegetation  cmd  soil  filters 

*  the  relationship  between  precipitation,  water  repellence,  soil  water 
infiltration  characteristics,  runoff  and  sediment  production 

-  sequential  airphoto  einalysis  to  register  changes  in  vegetational  structure 
and  erosional  features  in  the  course  of  time 

-  soil  development  under  different  types  of  vegetation  and  in  different 
geomorphological  regimes 

-  adaptation  of  species  composition  to  surface  dynamics  in  accumulation  sites 

-  the  development  of  a  geographical  information  system  (GIS)  for  management 
purposes 

-  an  interaction  model  of  vegetation  composition  and  groundwater  level  (in 
(co-operation  with  the  university  of  Uppsala,  Sweden) 

-  natural  rejuvenation  of  forest  ecosystems  (in  co-operation  with  the 
University  of  Uppsala) 

-  experiments  with  different  methods  of  surface  stabilisation 
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VI.  INVESTIGATIONS  OF  HUMUSFOIW  DEVELOPMENT  IN  CALCAREOUS  COASTAL  SANDS 

UNDER  FIRST  GENERATION  PINE  AND  POPLAR  STANDS,  AND  UNDER  CRATAEGUS-MONOGYNA- 
BRUSHWOODS 


Introduction 


Although  the  coastel  dunes  In  the  Netherlands  have  been  rather  thoroughly 
Investigated  (Boerboom,  1963;  Klijn,  1981;  Rozeina  et  al.,  1985],  most 
attention  has  been  paid  to  the  still  active  dune  areas  and  to  the  vegetation 
and  hydrology,  whereas  the  soils  in  the  forested  parts,  which  cover  large 
areas,  hardly  received  attention.  Most  of  these  forests  are  in  fact  Pine 
plantations,  while  natural  tree  stands  are  relatively  rare. 

The  introduction  of  Pine  species  can  be  expected  to  have  led  to  the 
development  of  soils,  quite  strongly  differing  from  those  formed  under 
natural  vegetation,  in  particular  on  the  calcareous  dune  sands.  Major 
arguments  for  this  are  the  differences  in  litter  production,  litter 
composition  and  nutrient  uptake  between  pine  and  the  naturally  occurring, 
mostly  deciduous  trees. 

The  aim  of  the  study  was  twofold: 

a)  comparison  of  two  sites  with  distinct  differences  in  vegetation,  one 
being  a  planted  Pinue  aylveetris  L.  stand,  the  other  being  a  naturally 
established  Populus  nigra  L.  stand.  They  offer  good  possibilities  for 
a  comparative  study  on  soil  formation  under  primary  forest:  the  parent 
material  is  very  homogeneous,  groundwater  generally  occurs  at  a 
consideredile  depth  and  differences  in  macroclimate  within  the  forested 
area  are  negligible.  Moreover,  the  history  of  the  dune  area  is  very  well 
known,  allowing  the  selection  of  plots  with  first  generation  stands  of 
equal  age. 

b)  investigation  of  humusfcrm  development  under  naturally  established 

Hiippophco  Ligustretun  brushwoods  by  comparing  two  stands  of  different 
age  and  to  characterise  diversity  caused  by  time  and  microclimate 
within  these  stands.  The  parent  material  is  very  homogeneous,  groundwater 
generally  occurs  at  a  considerable  depth  and  differences  in  macroclimate 
are  small  in  relation  to  age  differences.  This  offers  perfect  opport¬ 
unities  for  investigation  of  humusform  development  under  primary  brush¬ 
wood  vegetation.  ’  *  ’  ’••••. 

Stand  age  and  differences  in  microclimate  are  factors  determining  stage 
and  kind  of  humusform  development.  Two  sites  with  Crataegus  monogyna  dominated 
Hippophao  ligustretum  were  selected,  clearly  differing  in  structure  and 
related  microclimate;  one  being  a  relatively  small  cluster  in  an  open 
brushwood  of  relatively  recent  and  diverse  age,  the  other  being  part  of 
a  closed  stand  of  consideredile  age. 


The  four  plots  were  surveyed,  paying  attention  in  particular  to  the 
humus  forms  and  their  spatial  variability.  Subsequently  representative 
profiles  were  sampled  for  a  more  detailed  study  of  their  composition  and 
of  the  seasonal  variations  in  soil  chemistry. 


General  information 

a)  The  natural  Populus  nigra  L.  stand  {tree  density  of  about  9  trees  per 
100  m^ ,  dating  from  about  1910,  is  situated  on  a  high  sand  dune  conplex 
with  a  pronounced  eollan  relief,  at  a  distance  of  about  2200  m  from  the 
sea  (52'’08'52"NB;  04’’21 ’Se'EL;  fig.  26). 
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The  planted  Pinue  sylveatrie  L. 
stand  (tree  density  of  about 
7  trees  per  100  m’ ) ,  dating  from 
about  1907,  is  also  situated  in 
a  high  sand  dune  con?)lex  with  a 
pronounced  eolian  relief,  at  a 
distance  of  about  2850  m  from 
the  sea  (52*08'52"NB;  04'’22'25"  EL; 
fig.  27). 

b)  The  younger  Crataegus  monogyna 
dominated  Hippophao  liguatretum 
brushwood  is  situated  at  a  distance 
of  approximately  1050  m  from  the 
sea  (52'>08'52"NB;  04®20'41"EL)  . 

It  is  part  of  a  large  closed 
brushwood  in  a  sheltered  dune 
valley,  and  according  to  aerial 
photos  is  has  been  closed  since 
at  least  1938.  Stem  density  is 
lower  (approximately  1.4  stems/ 

10  m'  ) ,  and  stem  circumferences 
determined  at  1  m  height  varied 
from  40  to  150  cm.  Trees  are  much 
older  and  have  higher  stems . 


Conclusions 


'lilt 


-  ;  j  1  !  a)  For  the  poplar  and  pine  stands 

-  '  i  '  i  ;7'!ri~ ■  (J  ^sampling  area  the  initial  environmental 

'  :  !"bj  ■  !  I  conditions  (climate,  parent  mat- 

JM  erial,  relief  and  drainage)  were 

'U  j  ‘y;  ',^1  identical,  while  their  ages  are 

\  comparable.  This  implies  that  the 

*  1  ?tU-'  -.'I'lfrrr  -  '  •  '*’*  observed  differences  in  soil 

--  [||  i'  I J  '  'f\l  properties  can  be  attributed  to 

^  '■  A  differences  in  vegetation.  This 

T I  'i  'f  'r  study  showed  that  within  a  period 

'■  >-■■■,.. _  U/jl  about  80  years  soils  under 

_  '-(ii*  Pinua  aylvestris  stands  acquire 

__2 _ ii.[l  [v —  1  properties,  which  strongly  deviate 

- —  'tp,  ,  from  those  of  soils  under  naturally 

- - >■' - )  established  Populua  nigra  stands 

- =1  (fig.  29). 

IOmeter  soils  under  pine  have  a  mor 

^  ;  '* _ _ ; _  huimisform  and  a  more  or  less 

promonent  micropodzol .  The  soil 
g.  26.  Vegetation  map  of  location  in  variability  within  the  stand  is 

the  poplar  wood  small  and  strongly  connected  with 

relief-controlled  differences 
in  vegetation:  the  soils  of  the 
interdunal  depressions  having  more  prominent  mor  characteristics  than  those 
of  the  dunes,  which  have  a  grass-dominated  herbal  layer.  The  soil  studied 
in  detail,  representative  for  the  interdunal  depressions,  exhibits  all 
characteristics  of  the  mor  humusform  such  as  a  low  decon^osltlon  rate,  low 
concentrations  of  available  nutrients,  a  low  pH  and  minimal  bloturbation . 


Fig.  26.  Vegetation  map  of  location  in 
the  poplar  wood 
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Fig.  27.  Vegetation  map  of  location  in  the  Grove 
plantation  in  The  Hague. 


Soils  under  Populus  nigra  in  the  contrary  have  a  mull  humusform  with  a 
fairly  thick  Ah  horizon.  The  soil  variability  is  considered^le  and  probably 
largely  due  to  the  strong  effect  of  relief  on  microclimate  and  to  a  higher 
susceptibility  of  the  litter  transport  by  wind.  The  soil  studied  in  detail 
is  representative  for  the  "average  soil  profile"  and  is  slightly  acid  to 
near  neutral.  It  has  a  CM-ratio  of  about  20,  which  is  high  for  mull-type 
humusforros  and  points  to  a  somewhat  retarded  decomposition. 

In  spite  of  these  strong  differences  in  soil  development,  which  are 
clearly  related  to  differences  in  nutrient  uptake  and  in  litter  composition 
and  decomposition,  the  results  indicate  that  total  amounts  of  soil  organic 
matter  do  not  differ  strongly  and  will  be  in  the  order  of  about  65  tons/ha 
in  the  polar  plot  and  of  about  100  tons/ha  in  the  pine  plot.  This  c2m  be 
pjurtly  ascribed  to  the  low  litter  production  of  the  pine  stand,  which  is 
probcdsly  due  to  the  combined  negative  effects  on  their  biomass  production 


< 
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Fig.  28.  Vegetation  map  of  brushwood 
location  Bier lap. 


of  rather  unfavourable  Na/(Ca+Mg) 
ratio,  resulting  from  atmosi^ieric 
deposition  of  salt  in  combination 
with  a  low  level  of  Ca  and  Mg  cycling, 
of  a  very  strong  pH  gradient  at 
shallow  depth,  tdiich  probably  in¬ 
hibits  deep  rooting  and  of  un¬ 
favourable  climatic  conditions 
(strong  winds  and  salt  spray) . 

Ta)cing  into  account  the  age  of 
the  pine  stand  (80  years)  and  the 
total  amount  of  soil  organic  matter 
accumulated  (about  100  tons/ha) 
such  a  low  litter  input,  which 
might  be  in  the  order  of  2  tons/ha. 
yeeu:,  clearly  implies  that  litter 
turnover  rates  in  this  stand  are 
very  low. 

The  results  from  this  study  show 
that  the  introduction  of  Finue 
sylvestris  stands  in  the  calcareous 
dunes  leads  to  the  development  of 
soils  which  strongly  differ  from 
those  under  naturally  established 
forest  stands  and  resemble  the 
soils  developed  on  the  noncalcareous 
eolian  sands  elsewhere  in  the 
Netherlands . 


b)  In  general,  the  humusform 
developing  under  Crataegus 
monogj/na -dominated  Hippophoa  ligus- 
tretum  can  be  classified  as  an  acid 
mull  (Bal ,  1982),  having  poorly 
developed  ectorganic  horizons,  a 
well  developed  Ah,  low  pH  values 
(4.2)  and  high  CN-ratios  (20). 
Retarded  decomposition  causes 
substantial  amounts  of  incorporated 
organic  material  to  accumulate, 
especially  in  the  upper  part  of  the 
Ah  (up  to  40%  in  Ahl).  ProbeJaly  due 
to  these  low  pH  values,  ammonifi- 
cation  ratJier  than  nitrification 
is  the  main  process  supplying 
mineral  nitrogen  to  the  system. 

High  amnonium  levels  in  the  Ah 
were  found  in  November,  dropping 
substantially  in  spring,  probably 
due  to  uptake  by  plants . 

In  investigating  the  spatial 
variability  in  hurausforms  within 


brushwoods,  stand  age  and  microclimate  were  believed  to  be  major  factors. 
As  time  proceeds,  vegetation  structure  changes,  causing  a  more  stable  and 


uniform  microclimate  to  evolve.  Decalcification  of  the  top  soil  causes  lower 


amounts  of  Ca,  K  and  Mg  in  the  litter  of  Crataegus  monigyrta,  which  obviously 


fail  to  adequately  recycle  these  elements.  The  acid  mull  characteristics 
become  more  pronounced,  judging  lowering  pH  values,  and  rising  CN-ratios, 
together  with  progressively  more  organic  matter  accumulating  especially 
in  the  top  part  of  the  Ah  (about  170  and  190  tons  C/ha  after  respectively 
ca.  100  and  150  years  of  humusform  development),  while  total  depth  of  the 
humusform  remains  relatively  constant  (ca.  30  cm;  fig.  30. 


Figure  30 
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Light,  and  possibly  also  water,  are  the  major  microclimatic  factors 
determining  spatial  variability  in  humusforms  vari^d}lllty  in  humusforms 
of  brushwoods.  'Rie  more  favourable  moisture  conditions  in  the  herbal  layer 
will  enable  herbs  and  also  soil  micro-organisms  to  quickly  react  to  nutrient 
release,  and  through  their  above  and  below  ground  input  of  easily  decomposable 
organic  material  cause  a  stronger  nutrient  cycling  to  take  place.  Decalcl- 
ficatlon  on  densely  vegetated  spots  is  less  Intense,  the  humusform  is  less 
acidic ,  and  CN-ratios  are  lower .  Also  organic  matter  accumulates  to  a 
lesser  degree  (90-100  tons  C/ha)  and  thus  the  humusform  closer  resembles 
a  typical  mull. 

When  comparing  these  brushwoods  to  the  pine  and  poplar  stands,  accumulation 
turns  out  to  be  much  higher.  In  poplar  stands  (65  tons  C/ha)  a  more  favourable 
litter  composition  will  cause  faster  decomposition  and  mineralisation,  idille 
nutrient  cycling  adequately  prevents  decalcification  (together  with  a  usually 
well  developed  herbal  layer  which  also  prevents  nutrient  leaching) ,  thus 
causing  less  organic  matter  to  accumulate.  In  Scots  Pine  stemds  (100  tons 
C/ha)  2m  early  senescent  state  (due  to  that  fact  that  Scots  Pine  represents 
an  introduced  species,  as  opposed  to  the  native  brushwoods  and  poplar  stands) 
is  evident,  causing  growth  and  litter  production  to  decrease  quickly,  and 
less  organic  matter  to  be  accumulated. 
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VII.  TOWARDS  A  EUROPEAN  STRATEGY  FOR  DUNE  CONSERVATION  AND  COASTAL  MANAGEMENT 


Coastal  ecosystems  are  highly  diverse  and  complex  environments.  Because 
of  their  location  on  the  border  of  land  and  sea  they  are  multifunctional 
systems  with  great  economic  in?>ortance  for  society  (recreation,  coastal 
defence,  nature  conservation,  drinking  water  catchment).  Adequate  management 
of  these  systems  is  therefore  urgently  needed.  An  important  recent  develop¬ 
ment  is  the  international  attention  dunes  attract  in  a  European  context. 

In  September  1987  a  European  Dune  Congress  was  held  in  Leiden,  Hie  Nether¬ 
lands  .  One  of  the  outcomes  of  this  congress  was  the  establishment  of  a 
European  Union  for  Dune  Conservation  and  Coastal  Management  (EUDC) .  Main 
objectives  are: 

-  promote  the  exchange  of  information  between  researchers  and  managers 
of  dunes  and  neighbouring  areas 

-  the  listing  of  areas  of  special  ecological  interest  (in  terms  of  geomorph¬ 
ology  and  well  as  plant  and  animal  ecology) 

-  the  listing  of  endangered  coastal  ecosystems 

-  the  support  of  activities  aiming  at  the  protection  of  coastal  ecosystems 
(incl.  research,  management,  politics) 

At  present,  the  union  is  in  the  first  phase  of  planning,  structuring 
and  financing  its  activities.  Experts  from  more  than  10  European  countries 
take  an  active  part  in  this.  Research  activities  will  especially  concentrate 
on  process-studies  and  applied  research  projects.  When  you  are  interested 
in  the  EUDC,  please  contact  Dr.  F.van  der  Meulen  (Vice-Chairman)  or 
^J^f.Dr.  P.D. Jungerius  (thesaurier  general),  both  at  the  Landscape  and 
Environmental  Research  Group,  University  of  Amsterdam. 


Part  2 :  South  Llmbourg 

1)  Introduction,  Wijnandsrade  and  Ransdalerveld 
F.  Kwaad,  University  of  Amsterdani 

2)  Moddelling  soil  erosion  in  the  Catsop  watershed 
A.P.J.  de  Roo,  University  of  Utrecht 

3)  Primary  loess  ridges  in  Haspengouw 
E.  Paulissen,  K.U.  Leuven 


Ptoktmm  of  •xcuralon  to  South-Llabourg 


Dcpartnr*  froa  AMtardui  at  8.00  A.N. 
Arriral  in  Sonth-Liabourg  at  11.00  A.M* 

To  proTont  crowding  at  the  ezeuraion  sites 
ssparato  routes  in  South-Liabourg.  We  will 


the  two  busses  (A  and  B)  will  folic 
Join  again  at  lunch  tine. 


08.00-11. 00 
11.00-12.15 

12.30- 13.30 

13.'t5-15.00 

15.15-16.30 

16.30- 18.00 


Bus  A  Bus  B 

trip  froB  Aasterdaa  to  South-Liabourg 
Kansdalerreld  (B)  Vjjnandsrade  (W) 

lunch  at  Experimental  Fara 

V]jnand8ra'?«  (W)  Catsop  (C) 

Catsop  fiansdalerreld  (B) 

trip  to  Leuven 


(Source:  De  Bakker,  198?) 
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Excursion  South-Llmbourg  -  Introduction 

One  of  the  t)tenes  of  the  Benelux  Colloquium  on  Geomorphologlcal  Processes  end 
Solis  Is  soil  erosion  and  soil  erosion  control.  This  theme  Is  central  la  the 
excursion  to  South-Llmbourg.  The  aim  of  the  excursion  Is  to  glue  an  Impression 
of  the  type  of  landscape,  where  rainfall  Induced  soil  erosion  occurs  In  the 
Netherlands,  and  of  the  research  that  recently  has  bean  undertaken  to  combat 
the  problem.  Accelerated  erosion  In  South-Llmbourg  Is  conditioned  by  the  pre¬ 
sence  of  loess  In  a  landscape  with  a  rolling  topography.  Loess  Is  a  very  ero- 
dible  soli  material.  However,  since  It  Is  very  suitable  for  agricultural  pur¬ 
poses,  It  has  been  used  for  arable  farming  In  South-Llmbourg  from  the  10^ 
century  up  to  the  present.  This  has  given  rise  to  the  loss  of  top  soil  by 
ralnwash.  Recently  the  accelerated  erosion  of  the  loess  soils  In  South-Llmbourg 
seems  to  have  Increased.  Especially  the  off-slte  effects  of  the  erosion  have 
become  more  serious,  and  more  costly  to  repair.  Off-slte  effects  are  flooding 
of  villages,  deposition  of  mud  on  the  streets  and  in  cellars,  damage  to  paved 
roads  by  concentrated  runoff  water,  and  erosion  of  river  banks  due  to  Increased 
peak  discharges.  The  gravity  of  the  problem  necessitates,  that  measures  are 
taken  to  reduce  or  prevent  future  damage.  This  requires  an  analysis  of  the 
causal  factors,  and  testing  of  various  possible  measures. 

During  the  excursion  three  locations  will  be  visited: 

(a)  The  "RanEdalerveld"-area.  In  this  area  a  re-allotment  program  of  land 
was  completed  in  196?.  Since  about  1975  a  number  of  serious  erosion  events  has 
taken  place  in-  this  area, 

(b)  The  Experimental  Farm  at  Wijnandsrade ,  The  farm  is  administered  by  a 
Foundation.  The  costs  of  the  farm  are  shared  by  the  farmers  of  the  .region  and 
the  Dutch  Ministery  of  Agriculture.  The  work  on  the  farm  involves  field  trials 
of  various  crops,  fertilizers,  herbicides,  pesticides,  soil  tillage  techniques 
and  methods  of  crop  management  on  a  level,  which  allows  more  or  less  direct 
application  of  the  results  in  practice.  In  1986  a  plot  study  was  started  by 
the  Experimental  Farm  in  cooperation  with  the  University  of  Amsterdam  of  the 
effect  on  runoff  and  erosion  and  on  crop  yields  of  three  alternative  cropping 
systems  of  maize. 

(e)  A  small,  instrumented  drainage  basin  near  Catsop.  For  this  drainage  ba¬ 
sin  computations  of  runoff  and  soil  loss,  under  various  land  use  scenario's, 
have  been  carried  out  by  the  University  of  Utrecht,  using  the  ANSVERS-model. 
Runoff  and  sediment  discharge  measurements  were  carried  out  here  by  the  Agri¬ 
cultural  University  Wageningen. 

In  the  following  pages  information  is  given  successively  on:  (a)  the  geology, 
geomorphology,  soils  and  climate  of  South-Llmbourg,  (b)  the  experimental  plots 
at  Wijnandsrade,  (c)  the  re-allotment  program  in  the  Ransdalerveld  area,  and  (d) 
the  drainage  basin  near  Catsop. 
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From  old  to  young  the  following  phases  can  be  distinguished  in  the  geological 
and  geomorphologlcal  development  of  Dutch  South-Limbourg: 


Early  and  Middle-Carboniferous 

During  the  Early  and  Middle-Carboniferous  South-Limbourg  was  part  of  a  large, 
slowly  subsiding  marine  basin  (a  geosync 1 ine ) .  In  this  subsiding  basin 
several  thousands  of  meters  of  marine  sediments  were  deposited  (limestones, 
quartzites,  sandstones,  slates).  Carboniferous  rocks  now  only  are  exposed  at 
the  surface  in  a  few  small  quarries  along  the  river  Geul,  suth  of  Epen.  During 
part  of  the  Middle-Carboniferous  (Westphalian),  coal  layers  were  formed. 

These  coal  layers  have  a  total  thickness  of  about  90  m,  but  separate  layers 
are  not  thicker  than  1.50  m.  The  coal  layers  have  been  exploited  in  mines 
down  to  a  depth  of  800  m  below  the  surface.  In  1974  the  last  coal  sdne  in 
South-Limbourg  was  closed,  but  you  still  can  see  the  spoil  heaps  of  the  mines 
in  the  former  raining  district.  There  is  still  coal  left,  and  possibilities 
are  considered  of  alternative  means  of  exploitation. 

Upper— Carboniferous 

During  the  Hercynian  orogeny  folding  took  place  of  the  Lower  and  Middle  Car¬ 
boniferous  sediments,  and  an  Alpine  style  chain  of  mountains  was  formed. 

Permian,  Triassie,  Jurassic,  Early  and  Middle-Cretaceous 

During  the  Permian  the  Hercynian  mountains  were  leveled  to  a  peneplain,  and 
during  most  of  the  Triassie,  Jurassic,  Early  and  Middle-Cretaceous  South- 
Limbourg  remained  above  sea  level.  It  was  part  of  a  land  area  to  the  south  of 
a  large  north-west  European  sedimentary  basin. 

Upper-Cretaceous  (Senonian) 

During  the  Upper-Cretaceous,  the  sea  transgressed  over  the  post-Hercynian 
peneplain  in  the  South-Liraloourg  area.  As  a  consequence  of  this,  marinA  sedi-  ’ 
ments  were  laid  down,  beginning  with  sands  and  ending  with  thick  series  of 
marls  and  chalk  (soft  limestone).  The  Senonian  marls  crop  out  of  the  surface 
in  several  places.  They  are  exploited  in  large  open  pits  for  several  purposes 
e.g.  cement  industry  and  agricultural  use.  These  open  pits  are  the  subject  of 
heated  discussions,  as  they  affect  scenery  and  landscape.  In  the  marls,  zones 
occur,  which  are  rich  in  flint.  The  marls  weather  into  a  very  heavy  and 
sticky  residual  clay,  locally  with  flints.  In  the  marls  and  chalk  solution 
phenomena  occur. 

Early-Tertiary  (Paleocene,  Eocene) 

During  the  Paleocene  and  Eocene  the  South-Limbourg  area  was  land  again. 
Weathering  of  the  sAnian  marls  euid  limestones  took  place  under  tropical 
conditions,  with  the  formation  of  karst  features  e.g.  laples  and  dollnes. 

Middle-Tertiary  (Oligocene,  Miocene) 

During  the  Oligocene  and  Miocene,  marine  sands  were  deposited  in  South 
Llmbourg.  The  Miocene  sands  are  very  pure  quartz  sands,  which  are  exploited 
in  open  pits  for  the  glass  industry.  In  the  Miocene  sands  same  browncoal 
layers  occur,  which  have  been  exploited  in  the  past. 
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Upper-Tertiary  (Pliocene) 

Since  the  ending  of  the  Miocene  tranagresslon,  the  South-Llnbourg  area  has 
not  been  covered  by  the  sea  again.  During  the  Pliocene/  South-Limbourg  was  part 
of  a  low  lying  peneplain,  which  extended  also  across  the  Ardennes  and  the 
Elf el  area,  south  of  South-Llmbourg.  The  climate  was  subtropical.  Remnants 
of  the  Pliocene  peneplain  still  occur  in  an  elevated  position  In  the  south¬ 
east  of  Llmbourg  and  as  a  few  "Islands*  more  to  the  north  surrounded  by 
Quaternary  river  terraces.  The  highest  point  of  the  Netherlands  near  Vaals 
(321  m  a.s.l.)  Is  a  peneplain  remenant. 

Pleistocene 


During  the  Pleistocene  most  of  the  present  morphology  of  South-Llmbourg  was 
formed.  The  main  events  were:  (a)  an  Intermittent  upheaval  of  the  area  due  to 
eplrogenlc  movements,  and  (b)  an  alternation  of  a  series  of  cold  and  relati¬ 
vely  warm  climatic  phases  (the  Ice  ages  with  Intervening  Interglacial  periods). 
As  a  consequence  of  the  eplrogenlc  rise  of  the  area.  Interrupted  by  phases  of 
rest,  a  series  of  terraces  was  formed  by  the  river  Meuse.  These  terraces  have 
large  lateral  extensions  ("plateau  terraces").  They  are  covered  with  more  or 
less  thick  deposits  of  fluvial  sediment  (coarse  gravels  and  sands).  In  the 
course  of  the  Pleistocene  the  river  Meuse,  which  runs  from  south  to  north, 
has  shifted  from  east  to  west  In  South-Llmbourg.  Due  to  this  shift  In  a 
westerly  direction,  more  than  90%  of  the  terraces  now  lie  to  the  right  side 
of  the  river.  See  figs.  2  and  3  tor  relief  of  South-Llmbourg. 

The  episodic  Incision  of  the  river  during  the  Pleicostence  will  have  been 
aided  by  the  changes  In  climate  and  the  associated  changes  In  sealevel. 

During  the  glacial  periods  of  the  Pleistocene,  South-Limbourg  has  not  laeen 
covered  liy  ice.  However,  the  cold  climate  of  (some  of)  the  glacial  periods 
presumably  has  given  rise  to  the  formation  of  permafrost  in  South-Llmbourg, 
as  evidenced  by  frost  cracks  and  cryoturbatic  phenomena.  The  permanently  fro¬ 
zen  (sub)soil  must  have  influenced  the  hydrology  of  the  area,  by  preventing 
the  infiltration  of  snow  melt  water  and/or  rain  water  in  the  water  saturated 
surface  layer.  It  is  thought,  that  Isy  this  surface  drainage  the  dry  valleys  of 
the  present-day  landscape  were  formed.  A  conspicuous  feature  of  the  dry 
valleys  Is,  that  some  have  an  asymmetrical  cross  section.  See  fig.  14. 

Another  important  event  during  the  Pleistocene  was  the  deposition  of  a  cover 
of  loess  over  the  fluvially  dissected  terrace  landscape.  In  the  loess,  three 
stratigraphic  units  can  be  distinguished:  (a)  a  Lower-loess,  of  Saallan  age, 

(b)  a  Middle-loess,  of  Helchsellan  age  and  (c)  an  Upper-loess,  also  of 
Welchsellan  age.  The  loess  deposition  was  not  restricted  to  South-Llmbourg. 

The  loess  In  South-Llmbourg  Is  part  of  a  loess  belt  that  extends  from  west  to 
east  across  south-east  England,  north-west  Prance,  a  large  part  of  Belgium 
and  parts  of  West-Germany.  See  figs.  1  and  12. 

The  thickness  of  the  loess  in  South-Limbourg  varies  from  place  to  place.  It 
ranges  from  10  to  20  m  on  the  plateau-like  river  terraces  to  2  -  5  m  on 
valley  side  slopes.  The  unweathered  loess  Is  rich  In  calciumcarbonate.  The 
loess  was  deposited  on  various  types  of  subsoil,  viz.  Cretlceous  marls  or 
chalk;  residual  clay  of  Cretaceous  marls;  Tertiary  sands;  Pleistocene  terrace 
deposits  (gravels  and  sands).  See  fig.  4  for  cross  section. 
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Holocene 


The  Holocene,  until  the  advent  of  man,  was  a  period  of  rest  and  landscape 
stability,  during  which  soil  formation  took  place  in  the  loess  under  a  vege¬ 
tation  of  deciduous  forest.  The  soils  that  were  formed,  characteristically 
show  an  argillic  Illuviation  or  Bt-horison.  They  can  be  classified  as 
"Orthic  Luvisols",  "Typic  Hapludalfs*  or  "Parabraunerden".  In  the  Dutch 
classification  they  are  named  "Radebrikgronden'*.  See  fig*  13* 

Around  4500  B.C.  man  began  to  exert  an  influence  on  the  natural  forest 
vegetation.  Forest  was  cleared  for  agricultural  purposes  during  Neolithic, 
Bronze  Age,  Iron  Age, and  Roman  times.  This  first  wave  of  deforestation,  with 
associated  accelerated  erosion  and  colluviation,  ended  about  400  A.D. 

The  second  period  of  deforestation  began  about  1000  A.D.  Large  areas  were 
cleared  in  the  11th,  12th  and  13th  century.  Since  then,  the  forest  has  not 
returned  in  South-Limbourg.  The  forest  clearance  and  agricultural  use  of  the 
land  have  led  to  the  loss  of  top  soil  on  sloping  fields.  On  slopes  of  2  to  8% 
the  original  A1  and  A2-horizons  have  been  removed.  The  Ap-horizon  on  these 
slopes  now  consists  of  Bt-material.  On  slopes  steeper  than  8%  also  the  Bt- 
horizon  is  lost.  This  implies  that  on  slopes  of  2  to  8%  about  50  cm  is  gone 
and  that  on  slopes  steeper  than  8%  100  cm  or  more  of  the  original  soil  has 
been  eroded.  It  is  not  known,  whether  the  loss  of  topsoil  was  a  gradual  pro¬ 
cess  since  about  1000  A.D.  or  that  changes  in  the  rate  of  soil  loss  have 
occurred  since  1000  A.D. 

Due  to  soil  loss  on  slopes,  three  groups  of  loess  soils  now  can  be 
distinguished  in  South-Limbourg  (see  also  fig,  14): 

-  undisturbed  loess  soils  (10.400  ha) 

-  truncated  loess  soils  (20.100  ha) 

-  colluvial  ioess  soils  (  9.800  ha). 

The  indisturbed  loess  soils  occur  on  level  watershed  areas  (plateau  sites). 

The  truncated  ioess  soils  are  found  on  slopes  steeper  than  2%,  and  the  collu¬ 
vial  locss  soiiS  raainly  occupy  lower  slope  positions  and  dry  valley  bottoms. 

In  tne  yast  11  yeaia  concern  has  increased  in  South-Limbourg  regarding  the 
erosicn  of  loess  scils  and  the  associated  off-site  effects  of  flooding  and 
increased  sedimentation.  It  is  not  quite  clear,  whether  this  increased  concern 
is  due  to  an  increased  rate  of  erosion  in  recent  years  or  to  a  decreased 
willingness  to  longer;  accept  the  burden,  together  with  an  increased  awareness 
of  the  problem  cue  to  recent  and  repeated  press  repofts. ,Tho  problem  cer¬ 
tainly  is  not  new.  The  recently  increased  pressure  to  do  something  about  it, 
mainly  comes  from  outside  the  agricultural  world,  from  municipal  authori¬ 
ties  and  private  citizens,  confronted  with  the  costs  of  the  off-site  effects. 
See  figs.  18  and  19. 

People  point  to  rationalisation  and  mechanization  of  agriculture  and  to 
larger  fields  (as  obtained  by  re-allotment  of  land)  as  possible  causes  of 
increased  runoff  and  soil  loss.  Others  point  to  urbanisation  and  increased 
surface  of  paved  roads  as  factors  contributing  to  increased  runoff. 

A  conspicuous  feature  of  many  slopes  in  rural  South-Limbourg  are  the  so  called 
"graften",  i.e.  terrace-like  steps,  alligned  parallel  to  the  contour  lines  and 
often  grown  over  with  brushwood  (lynchets  in  English).  The  "graften"  have 
originated  over  the  centuries  along  field  boundaries  as  a  consequence  of  the 
trapping  of  soil  material,  moving  downslope  in  various  ways  (soil  creep, 
tillage  induced  creep,  slope  wash),  in  hedges  or  fences  of  brushwood  at  the 
field  boundaries.  Another  possible  origin  of  "graften"  is,  that  they  have 
been  constructed  in  the  Early  Middle  Ages  for  the  growing  of  wine  grapes. 

There  has  been  viticulture  in  the  area  until  the  second  half  of  the  14th 
century.  See  fig.  15, 


4 


By  some  people  an  important  role  is  ascribed  to  the  'graften*  in  reducing  runoff 
and  erosion.  Locally,  "graften"  have  been  removed  to  create  larger  fields.  This 
was  done  for  Instance  in  the  "Ransdalerveld”,  where  a  reallotment  program  was 
carried  out  in  1960  -  1967.  Since  about  1975,  problems  of  erosion  and  flooding 
have  Increased  in  this  area.  Therefore,  claims  have  been  issued  recently  to  undo 
the  reallosient,  to  reducefield  lengths,  to  restore  old  'graften*  and  to  throw  up 
new  ones. 

Landuse  in  South-Limbourg 

The  total  surface  area  of  South-Limbourg  is  69.000  ha,  of  which  34.000  ha  is 
used  for  agriculture: 

-  17.000  ha  arable  land  (of  which  4500  ha  maize  in  1984) 

-  15.000  ha  grass  land 

-  2.000  ha  horticultural  land. 


Climate 

South-Limbourg  has  a  temperate  humid  climate  with  an  average  yearly  rainfall 
of  700  mm.  Average  temperature  of  the  coldest  month  (January)  is  +3®C. 

Average  temperature  of  the  warmest  month  (July)  is  19*C. 

As  a  consequence  of  relief  there  is  a  strong  gradient  in  yearly  precipitation 
from  west  to  east  across  South-Limbourg  (a  distance  of  30  Icm).  The  valley  of 
the  Meuse  receives  between  600  and  650  nra  yearly.  The  area  around  Vaals,  at 
an  altitude  of  300  -  320  in  a.s.l.,  receives  from  900  to  950  nm  yearly.  The 
rainfall  is  spread  more  or  less  evenly  over  the  year.  Relatively  dry  months 
are  February  -  May  (40-50  mm  per  month).  The  wettest  month  is  July  (75  imn  on 
average).  See  figure  7, 

There  is  a  pronounced  trend  in  rainfall  intensities  over  the  year.  Of  all 
rainfall  events  9,3  %  are  "heavy  rains".  Of  the  heavy  rains  94,8%  occurs  in 
the  period  April  -  November,  with  69,9%  in  the  months  June  -  September;  20,8% 
of  ail  heavy  rains  occur  in  July.  See  figure  8, 

For  recurrence  intervals  of  rainfall  intensities  and  durations  see  figures  9i 
10  and  11. 


Experimental  runoff  and  soil  logs  plots  at  Wijnandsrade 

No  previous  experience  exists  In  South-Llmbourg  with  protective  measures 
against  on-slte  and  off-slte  effects  of  accelerated  erosion,  other  than  reten¬ 
tion  basins  for  the  temporary  storage  of  runoff  water  and  sediment. 

Last  year,  Provincial  Authorities  have  issued  regulations  to  the  effect,  that 
measures  shall  be  taken  to  reduce  soil  loss,  flooding  and  sedimentation. 

One  group  of  measures  regards  cropping  system  and  crop  management;  all  those 
effects  that  are  included  In  the  C-factor  of  the  Universal  Soil  Loss 
Equation.  Prediction  of  these  effects  under  the  conditions  of  climate,  soil 
and  topography  In  South-Llmbourg  was  considered  Impossible  without  a  local 
database  of  runoff  and  soil  loss  measurements,  nierefore,  an  empirical  study 
of  runoff  and  soil  loss  under  various  cropping  systems  was  initiated  by  the 
Experimental  Farm  of  Wijnandsrade,  in  cooperation  with  the  University  of 
Amsterdam  {Department  of  Physical  Geography  and  Soil  Science). 

Three  cropping  systems  of  maize  were  selected  (A,  B  and  C)  together  with  per¬ 
manent  fallow  as  a  reference.  The  cropping  systems  and  fallow  condition  are 
studied  on  experimental  plots  with  three  replications  per  system.  Altogether, 

12  plots  were  laid  out  in  a  randomised  block  design  (3  blocks  with  4  plots 
each).  The  12  plots  are  alligned  to  form  a  row  on  a  slope  of  approximately 
6%.  Within  each  block  of  4  plots  conditions  are  assumed  equal.  Between  the 
blocks  slight  differences  exist  in  angle  of  slope,  soil  type  and  moisture 
regime  (influence  of  water  table).  See  figures  for  lay-out  of  plots,  topography 
and  soils  (figs.  20,  21,  22,  23)» 

The  dimensions  of  the  plots  are  length  25  m  and  width  10  m.  A  width  of  10  m 
is  necessary  to  have  room  for  standard  tillage,  sowing,  spraying  and  har¬ 
vesting  equipment  and  to  minimize  edge  effects  on  crop  yields.  Within  each 
field  a  runoff  and  soil  loss  plot  is  fenced  off  with  a  length  of  22  m  and  a 
width  of  1.80  m. 

The  purpose  of  the  plot  study  is  threefold: 

(a)  to  determine  the  effect  of  cropping  system  on  runoff  and  soil  loss 
(conservation  aspect) 

(b)  to  determine  the  effect  of  cropping  system  on  crop  yield  (economic 
aspect ) 

(c)  to  establish  the  practicability  of  the  cropping  systems  (technical 
aspect) . 


The  maize  cropping  systems  can  be  described  as  follows  (systems  A  and  B  are 
thought  of  as  conservation  alternatives  of  the  conventional  system  C): 

System  A 

Soil  is  ploughed  immediately  following  the  harvest  of  the  preceding  growing 
season  in  October.  A  seedljed  is  prepared  and  winter  rye  is  sown.  In  April  the 
winter  rye  is  killed  by  spraying.  Residu  is  left  on  the  surface.  Maize  is  sown 
without  further  tillage  operations  between  the  winter  rye.  Harvest  of  the 
maize  in  October. 

System  B 

Directly  after  the  harvest  in  Octl>er  the  soil  is  tilled  with  a  cultivator 
(not  ploughed).  This  leaves  the  soil  in  a  rather  coarse  condition.  Soil  is 
ploughed  in  March  and  summer  barley  is  sown.  Summer  barley  is  killed 
spraying  end  of  April.  Early  May  maize  is  sown.  Harvest  in  October. 

System  C  (conventional  system) 

After  harvest  in  Octol>er  the  land  remains  as  a  stubble  field  until  end  of 
April.  Then  the  soil  is  ploughed,  seedbed  is  prepared  and  maize  is  sown.  Har¬ 
vest  in  October. 

System 

Permanent  falow  condition,  with  all  operations  as  in  system  C,  including 
going  over  the  plot  with  tractor  and  machinery  during  sowing  and  harvest 
time.  No  extra  tillage  to  kill  weeds.  Chemical  weed  control. 
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It  is  s  comparative  study  of  the  effect  on  runoff  and  soil  loss  of  one  fac¬ 
tor.  cropping  system.  All  other  factors,  a.o.  slope  length,  are  held 
constant.  This  means  that  the  results  only  have  relative  value.  They  may  be 
used  to  evaluate  the  effect  of  cropping  system  on  erosion  under  the  experimen¬ 
tal  conditions. 

The  soils  at  the  experimental  site  are  formed  in  loess  and  loess  derived 
colluviiun.  Texture  is  silt  loam.  Hydromorphlc  mottling  la  found  at  all  depths 
below  the  plough  layer  (Ap-horlzon)  on  all  plots.  Soils  are: 

(a)  truncated  gleyic  luvlsols,  with  the  remaining  part  of  the  Bt-horizon 
directly  below  the  Ap-horlzon 

(b)  colluvial  soils,  with  more  than  35  cm  colluvium  overlying  a  truncated 
gleyic  luvisol.  Maximum  thickness  of  colluvium  is  80  cm.  See  map  for  soil 
pattern. 

The  equipment  of  the  erosion  plots  was  further  subject  to  the  following  con¬ 
ditions  /  constraints: 

( a )  low  budget 

(b)  Interval  between  visits  is  4  weeks 

(c)  removable  installation,  because  of  ploughing,  sowing,  spraying  and 
harvesting  with  standard  equipment 

(d)  runoff  and  sediment  storage  tanks  semi-permanently  installed  at  a 
distance  of  10  m  from  the  plots  to  provide  turning  space  for  tractor  with 
attached  implements . 

The  plots  were  laid  out  in  October  1985.  The  first  erosion  plot  was  installed 
in  June  1986.  Three  other  erosion  plots  were  installed  in  October  1986. 
Improved  equipment  was  placed  on  all  12  plots  in  May  1987.  Since  then, 
reliable  results  have  been  obtained.  Groundwater  or  seepage  water  in  the  pits 
with  the  storage  tanks,  remains  a  problem. 

Runoff  f;-p  the  clots  is  collected  wide,  covered  funnel  shaped  troughs,  lying 
on  the  s:v^.  suiface.  They  can  easily  be  removed.  Part  of  the  sediment  in  the 
runoff  settles  here  and  is  collected  here  during  4-weekly  visits.  Runoff  is 
led  through  a  10  m  long  pipe-line  to  a  system  of  storage  tanks.  The  necessary 
slope  and  diameter  of  the  pipe-line  was  calculated  on  the  basis  of  the  once  in 
10CT  yea_r  rainfall  intensity,  assuming  100%  runoff.  This  rainfall  intensity 
(180  mm,^)  produces  a  discharge  from  a  plot  of  dOm^  of  2  1/sec.  To  accomodate 
this  water  flow,  a  pipe  diameter  of  52  mm  at  a  slope  of  2%  was  calculated, 
using  the  formula  of  Blasius  and  the  formula  of  Fanning.  In  fact,  a  pipe  with 
an  internal  diameter  of  62  mm  (external  diameter  75  nin)  was  used.  Unneccesary 
large  diameters  must  be  avoided.  They  are  expensive  and  give  rise  to  sedimen¬ 
tation  in  the  pipe,  due  to  low  flow  velocities.  The  pipe  of  75  mm,  that  is 
used  on  the  plots,  remains  free  of  sediment. 

The  runoff  from  the  pipe-line  either  directly  enters  the  first  storage  tank, 
or  is  first  led  through  a  small  measuring  flume  (HS-flume  with  maximum 
water  depth  of  12  cm),  that  is  connected  to  an  automatic  water  stage 
recorder.  The  runoff  is  stored  in  a  system  of  three  storage  tanks,  with  capa¬ 
cities  of  74  1,  74  1  and  98  1.  Not  all  runoff  is  stored.  That  would  require  a 
storage  capacity  of  8000  1  for  a  rainfall  eunount  of  200  mm  in  4  weeks  and 
100%  runoff.  See  figure. 

Instead,  10%-multislot  divisors  are  used  to  sample  the  runoff. 

In  this  way,  the  tanks  can  store  the  equivalent  of  74  +  10  x  74  +  100  x  98  » 
10.614  liter. 
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To  secure  the  correct  functioning  of  the  divisors,  the  first  wd  second  tanks 
are  placed  on  four  1  ra  long  poles,  driven  into  the  soil,  to  keep  the  tanks 
level.  Evaporation  from  the  tanks  is  prevented  by  a  plastic  screen.  The  whole 
set  up  is  covered  with  a  tarpaulin. 

During  4-weekly  visits  the  water  level  in  the  tanks  is  measured  to  the 
nearest  mm  to  calculate  the  runoff  volume.  The  contents  of  the  tanks  are 
stirred  vigorously  for  a  few  minutes,  very  carefully  scraping  the  bottom  of 
the  tanks,  and  500  ml  samples  are  taken  for  sediment  concentration  deter¬ 
minations  in  the  laboratory.  Regularly,  duplicate  samples  are  taken. 

See  figures  for  results.  Cropping  system  A  seems  very  effective  In  reducing 
soil  loss,  as  compared  to  the  conventional  maize  cropping  system  C.  A  reduction 
of  92,5%  in  soil  loss  was  obtained  during  the  growing  season  of  1987,  as  com¬ 
pared  to  the  conventional  maize  cropping  system  C.  See  fig*  24  for  runoff  and 
soil  loss  data,  and  figs.  l6  and  17  for  Infiltration  envelopes  and  aggre¬ 
gate  stability  of  the  loess  soils. 
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Summary  of  paper  by  Klerkela,  1971, 

Erosion  and  parcelling  In  re-allotment  area  "Ransdalerveld*  (Cultuurtechnisch 
Tljdschrlft,  11,  pp.  78  -  84). 


In  1967  a  re-allotment  of  land  was  carried  out  In  the  *Ransdalerveld*-area. 


Total  surface  area  involved  was 

ca.  1900 

ha.  Soils  in  the 

area 

are  mainly 

developped  In  loess  as  a  parent 

material 

(80% 

of  the  area) 

.  other  parent  roc)c 

is  challc,  weathered  into  a  heavy 

'  residual 

.  clay 

.  Topography 

is 

rolling. 

Changes  in  landuse 

before 

1967 

after 

1967 

change, % 

ha 

% 

ha 

% 

% 

““ 

Arable  land 

1050 

55 

805 

42 

-  23 

Orchards  (short  stem) 

10 

- 

25 

1 

+  150 

Grass  incl.tall  stem  orchards 

763 

40 

980 

51 

+  28 

Hood 

18 

1 

18 

1 

0 

Built  up  area  and  roads 

77 

4 

90 

5 

+  17 

Total 

1918 

100 

1918 

100 

0 

The  change  In  arable/grass  ratio  had  economic  reasons. 


Arable  land 

per  slope 

class 

Slope  class 

Slope  % 

Before  1967 

After  1967 

Decrease, 

I 

<4 

470  ha 

370  ha 

21 

II 

4-8 

250  " 

205 

18 

III 

8-12 

180  " 

135 

25 

IV 

12-20 

170  " 

80 

33 

V 

>20 

30  " 

15 

50 

Total 

1050  ha 

805  ha 

23 

Contour  farming  •  '  '  -  •  . 

On  land  In  slope  class  II  (4-8%)  contour  farming  Is  desirable.  For  slope  class 
III  (8-12%)  It  Is  necessary.  Preferred  use  Is  grassland.  For  slope  class  IV 
(12-20  %)  grass  Is  strongly  advised.  If  used  for  arable  farming,  contour  fanning 
is  a  necessity. 

The  size  of  the  fields  increased  from  eun  average  of  0,7  to  3,5  ha  as  a  con¬ 
sequence  of  the  re-allotment.  Before  1967  cultivation  parallel  to  the  con¬ 
tours  was  not  possible  on  140  ha  of  arable  land,  where  contour  fanning 
really  was  advisable  or  necessary.  After  1967  this  area  Is  reduced  to  90  ha. 

So,  due  to  the  re-allotment  of  land,  contourfarming  is  now  possible  on  an 
extra  50  ha. 


Since  Kierl^els'  paper  of  1971,  several  serious  erosion  events  have  occurred 
In  the  "Ransdalerveld"-  area.  They  were  so  serious,  that  measures  must  be 
talcen.  Some  people  even  as)?  to  undo  the  re-allotment. 
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Fig,  1,  Geological  map  of  the  Netherlands 


PiR,4,  Oeologisch  profiel  over  het  dal  van  de  Oosi-Maas  lussen 
L’bachsherg  en  Bocholt: 

Geological  section  across  the  East  Maas  vallry  between  Ubaehsherg  and  Bvchoh:  (Source:  Kuyl,  I98O) 
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rig«  ?•  Precipitation  data  for  Limbourg. 
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Figuur  9. 

Relalievr  frequentirs 
van  30-daagse  sommen 
in  hei  zomerseizwn 
(Juni-augusius)  voor 
De  Bill  (IV06-iy77). 

( Relative  frenuenciee 
of  30-day  rainfall 
amounts  durinc  the 
summer  for  De  Bill, 

1906-1977) 
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(Source:  Buishand  en  Velds,  I98O) 


Figuur  10, 

Extreme  neerslaginlen- 
siieiien  voor  De  Bill 
(1906-1977)  voor  du- 
ren  van  5  minuten  tot 
48  uren.  De  herhalings- 
lijden  en  T,  zijn  uii- 
gedrukt  in  jaren. 

(Extreme  rainfall  inten¬ 
sities  for  De  Bilt,  I906- 
1977,  for  durations  from 
B  minutes  to  hours; 
recurrence  intervals  in 

years,  T  and  T  ) 
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(Source:  Buishand  en  Veldc^«  I980) 
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H  In  mm. 


T«  v«rwtcrit«fi  n««rtl*9  ^•dgyvm)*  p«r*od»n  van  5  tot  180  minutan. 

(Expected  maximal  rainfall  amount  H  in  t  minutes  with  recurrence  inter¬ 
val  T  years) 


Fig.  11,  Amount,  duration  and  recurrence  interval  of  rainfall  in  the 
Netherlands, 
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(Completely  developed  luvisol  in  calcareous  loess  under  wood.) 
I^NAC.  Cfunrufisfh  TijJschrifi  vn  imj)  Nr.4  (Source:  lucher,  1975) 
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Flg.15.  Profit!  over  grafien  bij  WaMwitter.  (Slope  with  lynchets) 
Section  across  'escarpments '  near  Wahhniller. 
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.  MundclijkK  gang  van  de  inatabillleit  van  de  aggregalen  op 
vetichillende  landgtbruikaeenhcden.  Mlnimtk  en  maaimak  waaiden  van  de 
MtrctaaUUWIitaitaindex. 

Tike  mtxtmum  md  mMmum  monthly  aggrtgott  tlabttlty  tmhiet 
obtained  for  the  different  crop!  between  March  and  October. 


ti|d  Imaandeni 

(Source:  Van  E-;jsden  and  Ineson,  19^5) 

Fig.  17.  Monthly  raluee  of  aggregate  stability  under  ▼artous  crops 
(sugar  beet,  winter  wheat,  maize) 


Tabel  1.  Investeringskosten  in  kapitaaUwerken  ter  preventie  van  water 
an  modderoverlast. 


huidige 

jaarlijkse 

geplande 

investering 

lasten 

investarir>g 

Culpen 

lO.GOO 

2.000 

885.000 

Nuth 

400.000 

80.000 

2.000.000 

Onderbanken 

1 50.000 

8.000 

7.000.000 

Schinnon 

12.000 

2.500 

50.000 

Valkenburg 

1.500.000 

200.000 

2.000.000 

Voerendaal 

500.000 

80.000 

500.000 

Wittem 

4.000 

2.000 

24.000 

Watarschap 

Roer  en  Overmaas 

100.000 

200.000 

7.500.000 

Landinrichtingsd, 

ca.  225.000 

? 

ca.  4.000.000 

Totaal 

2.476.000 

574.000 

25.759.000 

Oe  jaarlijkse  lasten,  zoals  rente,  afschrij  'ing  en  ondeitioud,  die 
gepaard  gaan  met  een  investering  van  meer  dan  25  miijoen 
gulden,  zullen  waarschijnlijk  tenrrtinste  5  miijoen  bedragen. 

Ult  tabel  2  blijkt  dat  de  totale  jaarlijkse  uitgaven  ter  bestrijding 
van  de  gevolgen  van  bodemerosie  en  wateroverlast  zwaar  op  het 
gemeentelijke  budget  voor  het  onderhoud  van  wegen,  waterwegen 
en  riolering  drukken. 

Tabel  2.  Totale  jaarlijkse  uitgaven  ten  gevolge  van  erosie  en 
wateroverlast  van  een  vijftal  gemeenten  in  Zuid-Limburg. 


kosten 


van  het  budget 


Gulpen 

Nuth 

Valkenburg 

Voerendaal 

Wittem 


f.  200.000  -  f.  500.000 
t.  i  00.000  -  f.  ISO.OOO 
f.  600.000  -  f.  500.000 
f.  100.000  -  f.  150.000 
f.  100.000  -  f.  200.000 


onbekend 
ca.  1 5 

10  -  15 

5  -  10 

50  -  60 


Een  schatting  van  de  totale  kosten  die  in  'Zui'd-Llmburg  gemaakt 
worden  ter  bestrijding  van  de  gevolgen  van  bodemerosie  en 
wateroverlast  en  het  voorkomen  hiervan  is  niet  to  maken  op  basis  van 
de  hier  gepresenteerde  cijfers.  Do  schade  zal  in  werkelijkheid  veel 
groter  zijn  dan  de  cijfers  suggereren.  In  het  onderzoek  zijn  slechts  5 
van  de  25  gemeenten  in  Zuid-Limburg  betrokken.  Veel  schade  aan 
prive-eigenoommen  wordt  niet  gerogistreerd  en  de  schadeposten  in 
de  agrarische  sector  zijn  in  het  geheel  niet  in  de  berekening 
opgenomen.  Op  basis  van  het  Indicatieve  cijfermateriaal  kan  do 
verwachting  uitgesproken  worden  dat  do  jaarlijkse  uitgaveri  van  do 
gezamenlijkr  overheden  in  elke  geval  vele  miljoenen  guldens  zullen 
bedragen. 


(Coete  of  off-site  damage  in  eome  of  the  nunicipnlitiee  which 
suffer  from  erosion  and  floodinf^) 

(Source:  Province  of  T inhourp,  I987) 

Fig,  19,  Off-site  damage  by  eoil  erosion  in  South-Limbourg. 
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Fig.  22.  Soils  of  experiisental  plots  at  V^andsrade 
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ONTKALnE  GRANULAIR  (FRAETIES  IN  V  VAN  DE  MINERALE  DELEN) 

KVAAD 


(Grain  siaa  aaaljsla,  organio  carbon  and  pH  of  Ap-horizona  of  •xparinontal 
plota,  nrs.  1>12,  at  Wijnanderada ) 


VOLGNR. 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

C02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

ORG.  C 

1.10 

1.09 

1.07 

1.08 

1.15 

1.04 

1.01 

1.04 

0.98 

1.02 

1.03 

0.86 

HUHUS 

1.89 

1.87 

1.84 

1.86 

1.98 

1.7« 

1.74 

1.79 

1.69 

1.75 

1.77 

1 .40 

pH  (H20) 

7.70 

6. 95 

6.53 

6.74 

6.88 

6.43 

7.49 

6.95 

6.25 

7.11 

6.95 

7.56 

pH  (CaCI2> 

6.96 

6.29 

5.68 

5.99 

6.12 

5.62 

6.75 

6.23 

5.45 

6.48 

6.16 

6.80 

>  2000  au 

O.IS 

0.10 

0.23 

0.26 

0.68 

0.62 

0.14 

0.38 

0.20 

0.10 

0.17 

0.50 

2000-500  Bu 

0.5 

0.7 

0.6 

0.4 

0.6 

0.5 

0.4 

n.a 

0.4 

0.3 

0.2 

0.3 

500-150  au 

1.4 

1.4 

1.3 

1.3 

1.2 

1.1 

1.2 

ne 

1.1 

1.0 

0.8 

0.9 

150-105  au 

l.S 

l.S 

1.4 

1.4 

1.3 

1.3 

1.3 

nO 

1.1 

1.0 

0.9 

0.9 

105-50  au 

2.8 

2.7 

2.7 

2.6 

2.5 

2.5 

2.6 

n  0. 

2.5 

2.6 

2.4 

2.2 

50-16  au 

65.2 

65.3 

66.6 

66.3 

68.0 

66.9 

66.8 

65.9 

66.1 

66.0 

65.4 

64.0 

16-2  au 

14.8 

16.2 

14.9 

15.2 

14.6 

15.1 

15.4 

15.3 

15.5 

15.5 

15.3 

13.9 

<2  au 

13.8 

13.3 

12.6 

12.7 

11.8 

12.5 

12.3 

12.8 

13.4 

13.7 

15.0 

16.9 

ZAND 

6.2 

6.2 

5.9 

6.7 

5.6 

5.5 

5.5 

6.0 

5.1 

4.9 

4.3 

4.3 

SILT 

80.0 

80.5 

81.5 

81.6 

82.6 

82.0 

82.2 

81 .2 

81.6 

81.6 

80.7 

78.0 

CLEI 

13.8 

13.3 

12.6 

12.7 

11.8 

12.5 

12.3 

12.8 

13.4 

13.7 

15.0 

16.9 

SOH  «) 

101.0 

100.5 

101.4 

101.5 

105.7 

100.9 

101.6 

100.0 

101.6 

100.2 

101 .6 

101 .; 

Fig.  23. 

Taxtura  of  Ap-horiaona  of  axpariaantal  plots  at  Vijnandarado 
(Analysis  by  FGBL,  University  of  Aastardam) 
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EXCURSION  SOimi-LIMBURG,  28-04-88,  BENELUX  COLLOQUIUM 
MODEUIIC  SOCCL  EROSION  IN  1ME  OATSOP  VATERSHED 

A.  P.  J.  de  Roo  ^ 


Introduction 

On  the  loss-derived  soils  in  South-Linihurg  (the  Netherl2mds) 
soil  erosion  and  the  inconvenience  of  vater  are  rising 
problems,  causing  damage  not  only  to  fanners,  twt  madnly  to 
civilieins  and  the  loced  government.  Besides,  ecological 
valuable  areas  are  affected  by  penetrating  amounts  of  pol¬ 
luted  water.  On  long  term  the  fertile  loss-cover  will  locally 
disappeaur  causing  a  substaintial  reduction  of  the  agriculturad 
potential. 

Due  to  these  problems,  there  is  much  interest  at  present  in 
quantitative  techniques  to  estimate  the  amount  of  runoff  and 
soil  erosion  from  watersheds,  not  only  from  the  scientific 
world,  but  also  from  the  regional  amd  local  government. 
Information  is  needed  by  planners  about  the  best  possible 
locations  for  erosion  control  measures.  One  of  the  most 
useful  tools  that  cam  be  employed  vrtien  planning  control 
measures  for  soil  erx»lon  is  an  accurate,  conprehensive 
watershed  model  capable  of  simulating  all  effects  of  proposed 
and/or  applied  control  measures  (Beasley,  1986). 


Developments  in  erosion  modelling 

In  modelling  soil  erosion  there  has  been  a  shift  from  models 
calculating  soil  erosion  on  a  single  slope  (such  as  the  basic 
USLE)  towaurds  'models  estinati-ng  soil-  erosion-  emd  sedimenta¬ 
tion  within  watersheds.  Besides  there  is  a  ‘shift  from 
parametric  models  -  such  as  the  USLE  and  SLEMSA  (Stocking, 
1981)  -  toweurds  deterministic  models  -  such  as  CREAMS 

(Rnisel,  1980)  and  ANSWERS  (Beasley  &  Huggins,  1982). 
Parametric  or  stochastic  models,  are  loased  on  a  statisticail 
emalysis  of  inportant  factors  in  the  soil  erosion  process  and 
yield  only  approximate  and  probable  outcomes.  Deterministic 
models  try  to  describe  the  erosion  proces  with  jdiysicad- 
mathematical  relationships  and  yield  precise  and  certain 
outcomes  (Hammond  &  McCullagh,  1980). 

The  deterministic  models  are  seperated  in  '  lunped'  and  '  dis¬ 
tributed'  models. 

'  Lunped'  models,  such  as  CREAMS,  describe  an  overall  or 
average  response  of  the  watershed  (Beasley,  1986).  Because  of 
the  spatial  variability  of  the  erosion  process,  these  models 
often  do  a  less  than  adequate  job  of  describing  the  physical 
situation. 

A  distributed  peuameter  model  attenpts  to  increase  the  ac- 
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curacy  of  the  resulting  simulation  by  preserving  amd  utiliz¬ 
ing  information  concerning  the  areal  distribution  of  all 
spatially  variable,  non-uniform  processes  incorporated  into 
the  model.  These  models  have  a  potential  for  providing  a 
more  accurate  simulation  of  natural  catchment  behaviour.  They 
have  an  ability  to  simultaneously  simulate  conditions  at  all 
points  vathin  a  watershed.  In  recent  years,  the  distributed 
approach  has  become  practicable  as  a  result  of  the  introduc¬ 
tion  of  Geographical  Information  Systems  and  the  continuing 
rapid  inprovements  in  the  size,  speed  and  generzd  avedlabl- 
lity  of  modem  conputers. 


The  modal  ANSWERS 

All  processes  and  vaulahles  involved  in  soil  erosion  show 
more  or  less  some  spatial  variation.  This  is  the  main  reason 
vdiy  geographical  information  systems,  with  its  tools  such  as 
creating  digital  elevation  models  (DEWs)  resulting  in  ^d.- 
titude,  slope  and  aspect  maps,  data  storage  and  retreiv2d  in 
for  exanple  the  Map  Analysis  Package  (MAP),  geostatisticed 
interpolation  techniques  and  display  of  spatied.  data,  eu:e 
very  useful  in  erosion  modelling  (Burrough,  1986). 
Distributed  parameter  models  cannot  be  pptinally  utilized 
without  the  presence  of  a  well  constructed  GIS  environment. 

At  present,  the  distributed  parameter  mode:  ANSWERS  (£re5d 
lionpoint  Source  Watershed  Environment  JBosponse  Simulation), 
developed  by  Beasley  et  ad.  (Beasley  &  Huggins,  1982),  is 
used  for  modelling  surface  runoff  and  soil  erosion 

The  model  ANSWERS  is  intended  to  simulate  the  bahaviour  of 
watersheds  having  agricidture  as  their  primeury  leuiduse, 
during  and  immediately  following  a  rainfall  event.  Its 
primcury  application  is  planning  and  evaluating  various 
strategies  for  controlling  pollution  from  intensively  cropped 
areas. 


A .watershed  to 
square  elements, 
element; 

-  landform 

-  soil; 


-  landuse; 


-  surface; 


-  channels; 


be  modelled  is  assumed  to  be  conposed  of 
Values  of  vauriahles  are  defined  for  each 

slope; 

aspect; 

toted  porosity  (percent  volume); 
field  capacity  (percent  saturation); 
antecedent  soil  moisture  content; 
steady  state  infiltration  rate; 
potenti2d  meudmum  infiltration  rate; 
infiltration  control  zone  depth; 
erodihility  factor  (USLE  "K"); 
percentage  covered  by  crop; 
potential  interception  capacity; 
erosiveness  factor  (USLE  factor); 

surface  roughness  coefficient; 
maximum  roughness  height; 

Manning  s  n; 
width; 

Manning  s  n; 

groundwater  release  fraction; 
presence  of  Best  Management  Practices; 
drednage  coefficient  for  tile  dredns; 


-  other. 


4 


3H 


A  rainfall  event  is  simulated  with  increments  of  one  minute. 
Ihe  continuity  equation  is  used  to  accoiqilish  the  cosposite 
response  of  the  single  elements.  The  output  of  upslope  ele¬ 
ments  becomes  the  irput  of  dcMnslope  elements.  Several  physi¬ 
cally-based  mathematical  relationships  eure  used  to  describe 
interception^  infiltration,  surface  retention,  dradnage, 
overland  flow,  channel  flew,  subsurface  flow,  detachment  by 
rainfall  and/or  overland  flew  and  sediment-tramsport  by 
overland  flew  (intertill  erosion).  The  global  structure  of 
the  model  is  expledned  in  the  relational  diagram  (figure  1) 
and  described  below: 

After  rainfall  begins,  semsj  is  intercepted  by  the  vegetcU. 
canopy  until  such  time  as  the  interception  storage  potential 
is  met.  When  the  rainfall  rate  exceeds  the  interception  rate, 
infiltration  into  the  soil  begins.  Since  the  infiltration 
rate  decreases  in  an  exponential  manner  as  the  soil  water 
storage  Increases,  a  point  may  be  reached  when  the  rainfcdl 
rate  exceeds  the  combined  infiltration  and  interception 
rates.  When  this  occurs,  water  begins  to  accumulate  on  the 
surface  in  micro-depressions. 

Once  surface  retention  exceeds  the  capacity  of  the  micro¬ 
depressions,  runoff  begins.  The  accumulated  water,  vdien  in 
excess  of  surface  retention  capacity,  produces  surface  runoff 
and  is  termed  surface  detentioa  Subsurface  drainage  begins 
v*en  the  pressure  potential  of  the  groundwater  surrounding  a 
tile  drain  exceeds  atmospheric  potential.  A  steady-state 
infiltration  rate  may  be  reached  if  the  duration  euid  inten¬ 
sity  of  the  rainfall  event  are  sufficiently  leurge. 

When  rainfcdl  ceases,  the  surface  detention  storage  begins  to 
dissipate  until  surface  runoff  ceases  altogether.  However, 
infiltration  continues  until  depressioned  water  is  no  longer 
available.  Subsurface  drainage  continues  as  long  as  there  is 
excess  soil  water  surrounding  the  drains.  The  long  recession 
curve  on  the  outflow  hydrograph  is  then  produced.  Slowly 
fcdling  recession  limbs  are  also  prcxSuced  interflow,  the 
emergence  of  groundwater  into  the  surface  drainage  network. 

Soil  detachment  and  transport  cem  both  be  accoitplished  tjy 
either  r2dndrop  impact  or  overland  flow.  Detachment  by  rain- 
fedl  occurs  throughout  a  storm  even  though  overland  flow  may 
not  occur.  Thus,  most  of  the  soil  particles  detached  prior  to 
flow  initiation  are  deposited  and  to  some  extent,  reattached. 
Detachment  of  soil  particles  by  overland  flow  occurs  when  the 
shear  stress  at  the  surface  is  sufficient  to  overcome  the 
gravitational  cind  cohesive  forces  of  the  particles.  Whether 
or  not  a  detached  soil  particle  moves,  however,  depends  upon 
the  sediment  load  in  the  flow  eind  its  capacity  for  sediment 
transport  (Beasley  &  Huggins  1982). 

When  water  and  sediment  reach  an  element  with  a  channel,  they 
aire  transported  to  the  watershed  outlet.  Sedimentation  within 
a  channel  appears  v^en  the  transport  capacity  has  tseen  ex- 
ceded. 

It  is  clear  from  the  above  description  of  the  model  that  a 
lot  of  detailed  Information  is  needed  for  the  simulation  A 
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large  element-file  is  to  be  created  with  information  of  the 
single  elements.  Ihe  element-files  for  the  simulations  by 
Beasley  et  al.  t^re  created  by  hand.  When  the  number  of 
elements  amounts  several  hundreds  or  even  thousands,  this  is 
not  only  time  consuming,  but  it  is  also  not  very  user-friend¬ 
ly.  When  for  Instance  the  response  of  a  watershed  with  a 
different  kind  of  leinduse  is  to  be  evaluated,  the  element- 
file  has  to  be  totally  revised  by  h2md. 

With  the  introduction  of  Geographical  Information  Systems 
progress  is  made  with  the  input  and  handling  of  spatial 
information  (Burrough,  1986).  Contour  maps  can  be  digitized 
and  transformed  to  maps  of  slope,  aspect,  concavity/convexity 
and  potential  streamlines  of  runoff.  Maps  of  soil,  lemduse, 
hydrology  and  plauined  measures  can  be  digitized  euid  stored  in 
a  map-database.  Vhth  a  package  such  as  MAP  it  is  possible  to 
compare  each  map  and  to  create  overlays.  At  the  University 
of  Utrecht  (the  Netherlands)  several  conputer  programs  have 
been  written  in  vdiich  maps  from  the  MAP-database  are 
converted  to  an  element-file  used  in  the  model  ANSWERS.  With 
the  techniques  available  in  CIS,  it  is  possible  to  produce 
revised  element-files,  with  for  instance  a  different  Ictnduse 
or  conservation  measures,  within  a  few  hours.  Besides  it  is 
possible  to  use  very  large  element-files,  so  the  watershed 
cam  be  simulated  with  more  detail. 

Another  advantage  of  using  GIS  eure  the  possibilities  of  data 
display.  Using  a  modified  version  of  the  ANSWERS  model, 
developed  at  the  University  of  Utrecht,  severed  maps  cam  be 
produced  showing  the  spatial  pattern  of  soil  erosion, 
sedimentation  and  runoff  at  specified  times.  Ihese  maps  can 
be  compared  by  subtraction,  resulting  in  maps  of  chamge  of 
for  instan:e  erosion  or  sedimentation  after  the  introduction 
of  certai.'.  rtr.trol  measures  within  the  watershed. 


The  Cats op  watershed 

Models  of  the  type  described  above  are  of  linuted  v^ue  until 
they  have  been  vadidated  using  appropriate  data.  •'Ihe 
validation  of  the  ANSWERS  model  for  loss-soils  in  the 
Netherlands  is  presently  carried  out. 

In  1987,  a  study  has  been  cairried  out  in  a  watershed  of  42.  7 
hectares  near  Catsop  (Stein,  Limburg,  the  Netherlands). 

The  Catsop  research  is  meant  to  provide  some  information  on 
possible  erosion  control  measures.  Besides  it  is  meant  to 
provide  data  for  the  vedidation  of  the  ANSWERS-model.  Hie 
validation  of  the  model  is  carried  out  by  measuri.ng  soil- 
smd  landuse-chaxacteristics,  precipitation,  ruroff  and 
sediment-concentration  in  the  runoff.  The  impact  of  possible 
erosion  control  measures  was  assessed  by  several  simulationB 
using  data  partly  derived  from  several  erosion-studies, 
partly  carried  out  in  Limburg  (Daniels  &  Groeneveld  1986, 
Groeneveld  &  Damiels  1985,  Bolline  et  al.  1978,  De  Ploey 
1986). 

The  drainage  surea  has  a  gently  to  moderately  sloping 
topography  with  em  average  slope  of  5.  7  %.  ^^roximately  0.  5 
%  is  steeper  than  15  %.  Hie  soils  are  loss-derived  and 
consist  mainly  of  silt  loam.  98.  7  %  of  the  lemduse  in  the 
area  consists  cf  agriculture,  with  10.  7  %  grasslamds  and  88.  0 
%  row  crops.  Hie  row  crops  consist  of  predominantly  wheat  (44 
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%  in  1987),  potatoes  (20  %)  euvj  sugarbeets  (12  %). 

The  watershed  was  nodelled  by  constructing  4275  elements  of 
10  m.  squ2u:e  (0.  01  ha.  ).  An  element-file  v4iich  described  the 
topography  of  the  watershed  as  it  existed  in  meuxh  1987  was 
constructed  as  a  baseline  condltioa  A  l^gital  £levation 
llpdel  (DEM)  was  constructed  by  digitizing  a  contour  map, 
vAuch  was  rastered  to  10  *  10  cells  (figure  2).  Maps  of  slope 
arc  aspect  were  derived  from  it.  Data  of  soil,  l^u>duse, 
management  emd  channel  descriptions  were  entered  The 
l^mduse-map  was  digitized  and  rastered  Elach  cell  was  given 
an  attribute.  For  the  ease  of  simulation  only  2  soil-types 
were  defined  soils  under  row-crops  euid  soils  under  grassland 
or  forest.  Chcuinels  and  management -practices  were  also 
digitized  and  rastered  These  maps  were  transformed  to  an 
ETiEMENT-file  of  the  ANSWESIS -structure  by  a  speciedly 
developed  conputer-program  cedled  TCffiLEMENT.  Further  data  on 
soils  and  landuse  were  entered  in  the  PREDATA-file. 

The  used  data  for  the  simulations  aure  listed  in  table  1. 

Table  1.  Soil-  amd  lamduse-varlables  used  for  simulation. 


varicible 

code 

value  for 

fallow  grassland 

forest 

total  porosity  (%) 

TP 

45 

45 

45 

field  capacity  (%) 

FP 

60 

60 

60 

antecedent  soil  moisture  (%) 

ASM 

70 

70 

70 

steady  state  infiltration  (mm/h) 

FC 

7.0 

30.  0 

30.  0 

maximum  infiltration  -  FC  (mm/h) 

A 

45.  0 

100.0 

100.  0 

exponent  in  inf.  equation  (-) 

P 

0.  65 

0.  65 

0.  65 

infiltration  control  zone  (mm) 

DF 

90 

100 

100 

soil  erodibility  USLE  "K"  (-) 

K 

0.  50 

0.  50 

0.  50 

potential  interception  (mm) 

FIT 

0.  0 

0.  4 

2.  0 

crop  coverage  (%) 

PER 

0 

95 

90 

roughness  coefficient  (-) 

RC 

0.  40 

0.  50 

0,  55 

maximum  roughness  height  (mm) 

HU 

60 

45 

100 

Manning's’  n-  land-surface  (-) 

N 

0.  08 

0.  12 

0.  15 

erosiveness  (USLE  C*P)  (-) 

C 

0.  76 

0.  01 

0.  01 

The  only  availaihle  vadidati on-data  for  the  Catsop  watershed 
prior  to  the  simulations  were  from  a  red nf ad  1 -event  in 
november  1984,  when  28.  5  mm  fell  in  36  hours.  The  measured 
runoff  was  1700  m^,  against  a  runoff  simulated  by  ANSWERS  of 
1578  m^,  a  difference  of  7.  2  %.  Measurements  of  soil-loss  are 
much  more  difficult,  but  the  simulated  soil-loss  of  300  kg/tia 
is  realistic.  In  1987,  additionad.  data  were  collected  for  the 
vailidation  of  the  model.  These  data  aure  presently  haudeled. 

In  order  to  evaluate  some  erosion  control  mersures,  and 
determine  the  best  possible  locations  for  them,  several  larxi- 
use  scenario' s  were  developed.  The  following  scenairio' s  were 
used  for  the  Catsop  watershed; 

1.  BASELINE  Landuse  and  management  as  in  march  1987. 

88. 0%  of  the  surface  is  simulated  2is  fallow 
with  crop  residuals,  10.  7%  as  grassland  and 
0. 5%  as  "graften",  which  are  forrested 
terrace -borders  on  slopes. 


2.  FALLOW 


Ihe  grassland  is  converted  to  fallow  l2md 
with  crop  residuals,  and  the  "graften" 
removed. 

3.  GRASSLAND  All  fallow  land  is  converted  to  grassland. 

4.  CXXnOURlNG  The  fallen  land  is  ploughed  on  the  contour. 

5.  GRAFTEN  At  several  locations,  graften  ate  constructed 

as  forrested  flat  terraces. 

6.  OCNIOUR-GRASS-STRIPS  Stripe  of  grass,  constructed  on  the 

contour,  eu:e  left  urploughed  between  banda 
of  cropped  land.  Ihis  erosion  control  measure 
is  a  standard  option  in  ANSWERS;  the  Beet 
Management  Practice  no.  4). 

Wie  landuse  in  the  scenaun.o' s  is  listed  in  table  2. 

Table  2.  Landuse  within  the  different  scenario's. 


scencirio 

%  fedlow 

%  grassland 

%  graften 

%  other 

BASELINE 

88.  0 

10.  7 

0.  5 

0.  8 

FALLOW 

100.0 

0 

0 

0 

GRASSLAND 

0 

98.  7 

0.  5 

0.  8 

CONTOURING 

88.0 

10.  7 

0.  5 

0.  8 

GRAFTEN 

86.  1 

10.  2 

2.  9 

0.  8 

GRASS-STRIPS 

83.  8 

14.  9 

0.  5 

0.  8 

The  ANSWERS'model  was  runned  several  times  with  the  fellcwing 
rainfall -events  of  different  magnitude: 

-  1:  28.  5  mm  rain  within  36  hours  (once  a  year); 

-  2:  17.  0  mm  rain  within  20  minutes  (once  in  5  years); 

-  3:  19.  9  mm  rain  within  20  minutes  (once  in  10  yeeurs); 

-  4;  23.  6  mm  rain  within  20  minutes  (once  in  25  yeaurs); 

-  5:  26.  8  mm  rarn  within  20  minutes  (once  in  50  years); 

-  6:  29.  8  mm  rciin  within  20  minutes  (once  in  100  years). 

By  -simulating,  these  red nf2dl -events  it  could  be  determined 
how  the  watershed  possibly'  will  react  under  normal  and 
extreme  conditions.  The  results  of  the  simulations  of  the 
28.  5  mm  event  are  summarized  in  table  3. 

Table  3.  Simulation  results  for  several  scenctrio' s  for  the 
Catsop  watershed  for  event  no.  1. 


scenario  runoff  average  soil  max.  runoff 

(m^)  %  loss  ()tg/ha)  %  (l/s)  % 


BASEUNE 

1300 

- 

194 

- 

92 

- 

FALLOW 

1498 

♦  15.  2 

316 

■♦62.  9 

101 

+  9.  5 

GRASSLAND 

813 

-37.  5 

0 

-100.  0 

5 

-94.  1 

CCWKXJRING 

* 

160 

-17.  5 

* 

GRAFTEN 

1253 

-3.6 

188 

-  3.  1 

78 

-15.  4 

GRASS-STRIPS 

914 

-29.  7 

56 

-71.  1 

28 

-69.  2 

Ttie  results  for  the  simulations  under  more  extreme  conditions 
-  a  r2dnfall -event  once  in  25  years  -  are  summarized  in 
table  4. 

Table  4.  Simulation  results  for  several  scenario' s  for  the 
Catsop  watershed  for  event  no.  4. 


scenario 

runoff 
(m3)  % 

average  soil 
loss  ()tg/ha)  % 

max.  runoff 
(1/s)  % 

BASELINE 

4083 

- 

1403 

- 

709 

- 

FALLOW 

4518 

♦  10.  7 

1899 

♦35.  4 

731 

♦  3.  1 

GRASSLAND 

1014 

-75.  2 

2 

-99.  9 

31 

-95.  7 

CCNIOURING 

It 

1061 

-24.  4 

* 

GRAFTEN 

3962 

-  3.0 

1352 

-  3.  6 

* 

GRASS-STRIPS 

3330 

-18.  4 

728 

-48.  1 

493 

-30.  5 

From  these  results  it  can  be  concluded  that  the  CCNTOURING 
scenario  is  effective  in  reducing  soil  erosion,  but  it' s 
effects  on  runoff  are  not  clear  from  these  simulations.  'Ihe 
CCNTOUR-GRASS-STRIPS  scenario  is  effective  both  for  runoff 
and  soil  erosioa  Especially  the  maximum  runoff  is  decreasing 
spectaculcur.  Under  extreme  conditions,  it' s  effect! viness  is 
decreasing.  'Ihe  GRAFTEN-scen£urio  is  not  as  effective  as 
expected,  mainly  due  to  the  ineffective  choice  of  the 
locations.  The  GRASSLAND  scenario  reduces  soil  erosion  to 
zero  and  minimizes  the  surface  runoff. 

Using  several  GIS-tools,  maps  of  soil  erosion  and 
sedimentation  cam  be  derived  from  the  ANSWERS-model  (figure  3 
and  4).  At  the  University  of  Utrecht  a  special  version  of  the 
ANSWERS-model  has  been  developed  from  which  maps  of  surface 
runoff  on  several  times  during  the  simulation  can  be  derived 
(figure  5  and  6).  With  this  tool,  it  cem  be  determined  vhere, 
\dien  and  hew  many  surface  runoff  appears  within-  the 
watershed  Standard  output  of  the  model  iS  the'  hydrograph 
(figure  7). 


Conclusions 

With  the  ANSWERS  model  it  is  possible  to  simulate  surface 

runoff  and  soil  erosion  from  watersheds  having  agriculture  as 

their  primeury  Ismduse. 

Because  the  distributed  character  of  the  model,  the  use  of 

Geographiced  Information  Systems  is  very  practicable. 

ANSWERS  has  several  advantages  over  older  models  such  as  the 

USLE.  Some  of  these  are; 

-  the  potential  increased  accuracy  of  predicting  rvunoff  amd 
erosion; 

-  the  use  of  physically-based  mathematical  relationships; 

-  the  capacity  to  incorporate  new  developed  conponent 
relationships; 

-  the  incorporation  of  the  spatial  variability  of  land 
characteristics; 

-  the  ease  of  validation,  conpared  with  the  USLE,  because  it 
deals  with  individual  rainfadl-events; 


-  the  detailed  spatial  displayed  output  of  the  model,  useful 
for  plannera  because  the  effectiveness  of  potenti^tl  control 
measures  can  be  evaluated. 

Disadvantages  of  ANSWERS  axat 

-  the  process  of  euJasurface  flew  is  not  well  defined; 

-  gully  erosion  is  left  out  of  the  present  version  of  the 
model,  just  like  erosion  in  channels; 

-  the  equation  to  describe  infiltration  needs  some 
adaptation,  specially  the  definition  of  the  infiltration 
control  zone  depth; 

-  the  quantity  of  necessary  input -data  and  the  related  costs 
of  data  acquisition  can  possibly  be  a  problem. 

From  the  present  available  vzdidation  data  it  is  concluded 
that  the  simulation-results  from  the  ANSWERS  model  can  be 
used  quantitatively  concerning  runoff,  but  for  new  only 
qualitatively  concerning  soil  erosion  euvJ  sedimentation.  The 
model  can  be  helpfull  to  determine  the  best  possible 
locations  for  erosion  control  measures. 

The  vcilidation  of  the  model  is  only  possible  when  detailed 
measurements  of  the  ir^ut-variabl es  are  ccurried  out  within 
the  watershed.  A  rainfedl  event  of  about  20  mm  or  more  is 
needed  for  v2Llidation  in  order  to  reduce  the  error  of 
simulation.  Only  with  detcdled  measurements  of  rainfjdl- 
intensity,  runoff  and  sediment  concentration,  the  output  of 
the  model  can  be  validated  prcperly.  Since  these  events  are 
not  talking  place  frequently,  the  vedidation  of  this  model 
for  the  loss -soils  will  take  some  yeairs. 
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Figure  1.  Relational  diagram  of  the  ANSWERS  model. 


legend  (after  Ferrari,  1978): 


Strecun  or  flow  and  direction  of  am  action 
by  vdiich  the  amount  is  chamged. 


Storage;  integral  of  the  flow. 


Valve  vdiich  indicates  that  a  decision 
takes  place  here. 


Source  and  sink  of  quantities  whose 
content  is  not  inportemt. 


0“  - -  —  — — ^ 


Stream  or  flow  and  direction  of  informa- 
tioa 


A  constant  or  a  pauameter. 


Auxiliary  equation,  vAiich  is  peurt  of  a 
decision  functioa 


Decisioa 


Quaintity  in  transport. 


TP 

=  total  porosity 

PER 

=  percentage  cover 

FP 

=  field  capacity 

PIT 

=  potentiad  interception 

FC 

=  steady  st.  infiltration 

C 

=  erosiveness  factor 

A 

=  maiximum  infiltration 

RC 

=  surface  roughness  coef. 

DF 

=  control  zone  depth 

HU 

=  max.  roughness  height 

ASM 

K 

=  antecedent  soil  moist. 

=  erodibility  factor 

N 

=  Manning' s  n 

-e- 


CD 


DBAIN=  dreiinage  coefficient  for  tile  drains 
GWRF  =  groundwater  release  fraction 


DTO  =  detachment  by  overlemd  flow 
DTR  =  detachment  by  rainfall 
I  =  interception 
INF  =  infiltration 
TC  =  transport  capacity 


RUNOFF  AFTER  25  MINUTES,  CATSOP  (LIMBURG) 


0  ISO  meters 


I  I  outside  watershed 


n 

no  runoff 

iMiy 

0.1-  0.5 

l/s 

m 

o!6  -  1.0 

I/s 

9BH 

1.1  -  1.5 

1/s 

MM 

1.6  -  2.0 

I/s 

HB 

2.1  -  3.0 

I/s 

WM 

3.1  -  4.0 

I/s 

■1 

>  4.0 

1/s 

PRIMARY  LOESS  RIDGES  IN  HASPENGOUW 


(Eastern  Belgium) 


by  E.  PAULISSEN 
K . U . Leuven 

South  of  the  region  the  Reopen  (Fr.  La  Campine) .characterized  by  a 
continuous  thin  mantle  of  coversands,  is  situated  the  rolling  topography 
of  the  Haspenaouw  region  (Fr.  La  Hesbaye),  mainly  characterized  by  a  con¬ 
tinuous  loess  cover  and  a  dense  network  of  dry  valleys,  especially  south 
of  the  river  Jeker  (Fr.  Geer). 

flaspengouw  shows  good  examples  of  linear  topography  (Figure  .1  ) 
with  ridges  and  valleys  aligned  with  great  regularity. 

There  are  two  systems  with  a  linear  topography/ 

AREA  1:  a  large  area  with  a  general  S-N  aligned  system  developed  on  a  general 
topography  dipping  to  the  north. The  aligned  system  is  particularly  developed 
south  of  the  river  Jeker.  In  this  region, the  loess  is  situated  directly  on 
cretaceous  limestone  and  tertiary  sands. 

AREA  2;  a  relatively  small  area  in  the  east  with  a  general  ENE-WSW  alignment 
on  a  general  topography  also  dipping  to  the  north. 

In  Haspengouw,  much  attention  is  paid  to  the  dry  valleys  especially 
cci.cerning  their  asymmetry  (a.o.  (Jeukens,  1947 ;Grimberieux,  1954)  and  their 
origin  (a.o.  Stevens, 1934;Geukens,1947;Tavernier, 1948) .Generally  these  valleys 
are  thought  to  be  eroded  by  water  erosion  either  before  or  after  the  loess 
under  periglacvial  circumstances.  According  to  Grimberieux(  1954).,  the  latter 
hypothesis  was  corraborated  by  the  fact  that  dry  valleys  of  area  1,  south  of 
teh  Jeker  are  formed  completely  in  the  loess  deposits  (  if  so,  only  in  their 
upstream  sections  -  note  of  the  writer).  Pissart(1976)  mentions  a  M.D.  study 
by  Planck  who  tested  the  hypothesis  that  teh  linear  alignment  of  teh  dry  val¬ 
leys  in  area  1  could  be  the  result  from  the  primary  deposition  of  loess, con¬ 
structing  the  original  topography  resembling  the  "gredas"  described  by  Rozycki 
(1967)  in  BUlgary  and  Central  Europe. According  to  Pissart(1967)  further  studies 
were  necessary  to  solve  the  problem.  The  hypothesis  of  an  eolian  origin  of  the 
linear  topography  in  loess  areas  has  been  advocated  already  by  Russell(1929, ,by 
Lewis(1960)  and  by  Bartkowski(1973). 

Detailed  geomorphological  mapping  in  Haspengouw  in  the  area  north  of 
the  Jeker  gave  us  the  opportunity  to  study  the  influence  of  the  loess  deposits 
on  the  actual  morphology. 
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In  area  2(  Fig.  .1  ),  with  ridges  and  depressions  aligned  in  a  ENE-WSW  direc¬ 
tion,  the  loess  deposits  are  thick(  mean  thickness  estimated  at  5m).  In  this 
area,  situated  immediately  south  of  the  continuous  loess  border,  the  loess 
deposits  are  situated  on  a  substrate  of  different  lithologies:  on  soft  lime¬ 
stone  (Cretaceous, to  teh  E  of  Tongeren),on  Oligocene  Sands  and  on  gravel 
deposits  of  the  river  Maas(  Fr.  Meuse)  develoepd  in  a  large  meander  bend 
(west  of  Maastricht).  IN  this  bend  three  terrace  levels  are  distinguished 
(Halet , 1932) .  These  terraces  are  limited  by  scarps  with  a  general  S-N  orienta¬ 
tion.  This  original  terrace  landscape  of  teh  Maas,  generally  dipping  to  the 
north,  has  been  drastically  changed  by  the  loess: 

-  the  S-N  oriented  terrace  landscape  became  a  ENE-WSW  linear  topography  with 
two  ridges  and  three  depressions. 

-all  actual  forms  are  build  up  entirely  on  loess  deposits,  except  for  the 
downstream  valley  ends  near  the  Maas  north  of  Maastricht; 

-  the  main  original  landscape  elements  like  the  Southern  meander  border  and 
and  the  terrace  scarps  remain  however  visible  as  gentle  sloes  on  the  indi¬ 
vidual  ridges. 

A  complete  ridge-depression  catena  had  been  studied  on  the  youngest 
Maas  terrace  in  this  area(  the  Caberg-Pietersem  Terrace,  Paulissenl973) . 

Figure  .2  summarizes  the  construction  of  this  catena.  The  typical 
calcareous  Brabantian  loess(  Gullentops,1954)  forms  the  ridge  and  rests  on 
on  a  small  core  of  Hesbayan  loess  (  both  loess  deposits  are  Weichselian  in  age). 

From  the  field  evidence  we  conclude  for  the  existence  of  primary  loess 
ridges  or  gredas  in  Haspengouw  formed  during  the  Late  Weichselian.  It  is  likely 
to  cfonsid^r  these  loess  ridges  as  longitudinal  forms  constructed  by  ENE-winds 
(Paulissen,1981). 

Since  our  study  in  Haspengouw,  D.  Gossens(  1987)  studied  in  detail  the 
sedimentation  of  loess  in  a  wind  tunnel  on  scale  models  and  compared  these 
results  with  a  detailed  field  survey  south  of  Leuven  where  he  demonstrated 
the  presence  of  importent  loess  accumulations  on  a  teriary  substrate. 


Figure  .1  -  Map  of  the  drainage  system  in  Haspengouw  (Eastern  belgium). 

1.  Rivers  -  2.  Axes  of  dry  valleys 

3.  Terrace  escarpments 

4.  Delimitation  of  area  II,  with  a  WSW-ENE  drainage  system.  On  the  Maas 
terraces,  this  alignment  is  due  to  primary  loess  sedimentation.  In 
the  rest  of  area  II  with  a  tertiary  and  cretaceous  substrate 
structural  elemnts  play  a  role  in  the  WSW-ENE  alignment  of  some  val¬ 
leys,  but  the  loess  accumulation  accentuates  the  ridge  topography. 

Figure  .2  -  A  ridge-depression  catena  of  a  primary  loess  ridge  in 

Haspengouw(  Veldwezelt, between  lanaken  and  Maastricht;  5°38'45"E, 
50°52'45"N). 

1.  truncated  Holocene  alfisol 

2.  Dark  tongued  horizon  of  the  Kesselt  soil(  Gullentops, 1954) 

3.  Anthropogenic  colluvium 

4.  Lat-Weichselian  silt  and  sand  deposits, horiozntally  bedded 

5.  Brabant ian  loess  (Weichselian) 

6.  Hesbayen  loess  (Weichselian) 

7.  Gravel  and  coarse  sands  of  the  Maas  terrace  Caberg-Pietersem 
(Paullssen,1973) 

The  difference  in  heigth  between  ridge  and  depression  is  6ra,  formed 
by  a  2%  slope. 
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GEOMORPHOLOGICAL  PROCESSES  AND  SOIL 


Excursion 


Soil  erosion  and  erosion  control 
Experiments  in  Brabant,  Belgium 


30th  April  1988 


0.  INTRODUCTION 


This  excursion  will  focus  attention  on  various  aspects  of 
present  and  historical  soil  erosion  in  the  Belgian  Loam 
Region.  Three  or  four  sites  will  be  visited,  which  are  all 
located  SSW  of  Leuven,  in  the  Dij le  catchment  (fig.  0.1). 
Some  climatological  data  of  this  area  are  given  in  fig.  0.4. 
The  excursion  stops  are  : 

-  The  Neeriise  quarry  (fig.  0.3)  :  historical  erosion 

-  The  Huldenberq  experimental  site  (fig.  0.2)  :  actual  and 
historical  erosion  processes 

-  The  Moreels  farm  (situated  1  )<m  NW  of  the  Neerijse 

quarry):  soil  conservation 

-  Optionally,  the  Ormendael  catchment  ;  gully  erosion  and 
control 

Several  people  collaborate  in  the  field  projects  of  the 
Laboratory  of  Experimental  Geomorphology  and  will  give 
explanations  on  their  respective  research  subjects  : 

-  Prof.  J.  De  Ploey  :  general  project  leader,  soil 
conservation 

-  Dr.  H.  Mdcher  (Amsterdam)  i  micromorphology 

-  Dr.  E.  Paulissen  ;  historical  erosion  and  colluviation 

-  Dr.  J.  Poesen  :  interrill  erosion,  gravel  transport,  gully 
control 

-  Dr.  G.  Covers  :  interrill  erosion,  rill  erosion,  soil 
conservation 

-  DrS  j  L..  Van  Elewyck  :  erosion  by  stemf  low 

Additional  help  in  analysis  and  interpretation  was  provided 
by  Prof.  A.  Munaut  (Louvain  la  Neuve  :  pollen  analysis)  and 
Dr.  B.  Campbell  (Sydney  *=‘^Cs  datings).  Technical 

assistance  is  provided  by  Eng.  J.  Meersmans  and  L.  Cleeren. 

G .  Covers 


climate 


-Air  temperature  (Ukkel  Brussels) 

-yearly  mean  =  g.5°C 

-mean  of  coldest  month  (January)  =  3.0  “C 

-  mean  of  warmest  month  (July)  =  17. C  “C 

-Period  without  frost  (ukkel) 

-  mean  =  19A  days/year 

-  maximum  =  236  days/year  (1913) 

-  minimum  =  154  days/year  (192B) 

-Frost  period  (Ukkel) 

-frost  starts  on  05/11  (extremes  ;  06/10/12  and  06/12/13) 
-frost  ends  on  25/04  (extremes:  14/03/20  and  15/05/15) 


-Wind 

see  wind  rose  for  Melsbroek  (Brussel  Nationaal) 

-Precipitation  and  rainfall  erosiuity 

-mean  annual  precipitation  (P)  and  mean  annual  erosivity  index  (EI30) 


station 

P  (mm ) 

EI30  (t  m 
ha 

Over! jse 

622 

67.5 

Ukkel 

796 

64.9 

Melsbroek 

739 

56.4 

Heverlee 

720 

54.5 

(after  Bollinne  1982) 

-  mean  monthly  precipitation  (P)  and  mean  monthly  erosivity  index 
(EI30)  :  see  figure 
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I.  THE  NEERIJSE  QUARRY 

(H.  Mtlcher,  E.  Paulissen,  J.  Poesen) 

1.  Introduction 

The  section  is  situated  in  Poe  Is  valley,  a  first  order 
catchment  orientated  from  the  NE  towards  the  SW  with  a 
maximal  depth  of  35  m.  Although  there  is  no  gully  in  the 
valley  bottom,  heavy  showers  may  generate  runoff  in  the 
thalweg.  The  studied  section  is  situated  in  the  middle  of 
the  valley  at  a  height  of  68  m  parallel  to  the  thalweg, 
close  to  the  SE  valley  slope.  A  section  of  about  300  m 
parallel  to  the  valley  bottom  was  studied  in  the  sandpit 
Poels.  The  section  that  is  discussed  here  is  the  most 
complete.  Most  of  the  sandpit  has  been  filled  up  after 
exploitation. 

2.  The  deposits  in  the  Poels  »alley  (Fig.  I.l) 

Fig.  I.l  shows  one  of  the  transverse  sections  throughout  the 
valley,  which  was  studied  by  borings.  Four  main  units  are 
distinguished  : 

-  brown  colluvial  deposits  of  silt  loam  ,  thin  on  the  valley 
slopes,  but  6  m  thick  in  the  valley  bottom.  They  contain 
some  pebbles.  Thin  charcoal  layers  have  been  found  till  a 
depth  of  5.2  m.  These  colluvial  deposits  fill  a  gully,  20  m 
wide  and  6  m  deep  with  steep  walls  eroded  into  : 

-  typical  loess  deposits,  still  calcareous  at  the  base,  with 
on  top  the  B-horizon  of  a  truncated  alfisol.  Thick  loess 
deposits  still  cover  the  NW-slope.  while  they  are  nearly 
absent  on  the  SE-slope. 

-  The  substratum  is  formed  by  coarse  Eocene  sands.  These 
sands  are  now  very  near  to  the  surface  on  steep  slopes  and 
®n  •the'  plateay  cqnve.xities ._ 

-  A  gravel  lag  is  at  the  contact  between  the  Tertiary  and 
the  Quaternary  deposits.  The  well  rounded  pebbles  are 
derived  from  marine  gravels  deposited  during  Tertiary 
transgressions  and  regressions.  The  very  angular  sandstone 
fragments  were  formed  in  situ  within  the  Eocene  sands. 

3.  Description  of  the  cross-section  (Fig.  1.2) 

In  this  guide  only  a  schematic  section  not  to  scale, 
generalized  from  a  section  studied  in  detail,  is  presented. 
The  position  of  the  samples  taken  for  micromorphological 
analysis  is  indicated  on  fig.  1.2.  From  to  to  bottom, 
following  units  can  be  distinguished  ; 

UNIT  I  C(olluvium)  :  coarse  sandy  loam  (10  YR  4/4-5/41,  rich 
in  gravel.  Boundary  is  clear  and  smooth. 


UNIT  lie  :  silt  loam,  grayish  brown  (10  'YR  5/-5/6)  with  few 
rock  and  brickstone  fragments  and  very  few  charcoal.  The 
unit  is  massive  and  homogeneous  but  a  sporadic  horizontal 


NEERIJSE 


Figure  I.l.  Neerijse  -  Poels  valley  -transverse  section 

1.  Colluvial  deposits 

2.  B-horizon  of  truncated  alfisol 

3.  Decalcified  loessloam 

4.  calcareous  loessloam 

5.  gravel  lag 

6.  coarse  Eocene  sands 


7.  charcoal  layer 


NEERUSE 

EXCAVATION  POELS  -  SCHEMATIC  SECTION 


not  to  seal* 


E.P  and  J.P  1968 


Figure  1.2.  Neerijse-Sand  Pit  Poels  -  Schematic  section  of  main  trench 
Numbers  refer  to  explanation  in  text. 

For  symbols  see  Fig.I.l. 

The  samples  for  micromorphological  analyses  are  indicated. 


NEERIJSE 

EXCAVATION  POELS  •  COMPOSED  SECTION 

B.4  B.2  M.14  M  il 
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V  /  I  i  -  .H 

,  .  V. .  -s  •  •/  V| 


I:  . 


not  to  scale 
E  P  1988 


Figure  I.S.Neerijse  -  Poels  valley-  Composed  section  of  the  different 
sedimentological  units  in  their  georoorphological  context. 
Numbers  refer  to  explanation  in  tyext. 

For  symbols  see  Fig.I.l. 


lamination  is  observed.  The  boundary  is  abrupt  and  smooth. 
At  the  lower  boundary  of  IIC,  a  discontinuous  layer  of 
charcoal.  1  to  3  cm  thick  is  found,  locally  burned  in  situ, 
but  reworked  in  other  places. 

UNIT  III  C  :  silt  loam,  10  YR  5/4,  with  some  gravels  and 
with  at  the  base  local  rills  filled  with  gravels  in  a  silt 
loam  matrix.  Horizontal  lamination  is  observed.  A  few 
ceramics  were  recovered. 

UNIT  IV  C  :  stratified  colluvial  deposits  with  clear  planar 
lamination  :  10  YR  5/4  (darkest)  till  10  YR  5/6  (brightest). 
The  texture  varies  from  a  silt  loam  to  a  silty  clay  loam. 
The  boundary  is  clear  and  smooth. 

UNIT  V  C  :  is  the  first  colluvial  deposit  consisting  of  silt 
loam  10  YR  5/6-4/6)  with  very  few  rock  fragments,  2  cm  in 
diameter.  In  the  upper  part,  locally  remnants  of  horizontal 
laminations  are  found.  The  top  of  this  unit  is  a  mottled 
silt  loam  deposit.  The  boundary  is  abrupt  and  smooth, 
locally  wavy. 

UNIT  VI  :  Weichselian  loess  deposits  with  a  buried  paleosol 
on  top  (P.B.  2,  truncated  alfisol) 

-  with  the  (truncated)  B-horizon  still  conserved,  upper  part 
:  7.5  YR  6/4-6/6  -  10  YR  5/6).  In  the  truncated  top  locally 
degradation  pockets  are  found. 

-  a  decalcified  silt  loam  (10  YR  6/4)  with  no  rock  fragments 
and  a  horizontal  lamination,  even  once  a  layer  of  pure  sand. 
Decalcification  is  related  to  P.B.  2.  Boundary  is  abrupt  and 
smooth . 

-  a  calcareous  silt  loam  (10  YR  6/6)  with  very  few  rock 
fragments.  Horizontal  lamination  is  less  than  0.5  cm. 

UNIT  VI I  :  quaternary  gravel  lag  of  reworked  well  rounded 
marine  flint  pebbles  and  angular  Eocene  rock  fragments. 

UNIT  VIII  :  coarse  Eocene  sands  with  several  sandstone  units 
formed  in  situ  in  the  lower  part  .  Actual  water  table  is 
about  10  m  below  the  valley  bottom. 


4.  Distribution  of  the  different  units  on  the  SE-slope  (Fit 
1.3) 


The  distribution  of  the  various  units 


Unit  VI  and  P.B.  2  are  limited  tot  the  basal  part  of  the 
slope 


Units  V  and  IV.  the  oldest  colluvial  deposits,  form  a 
continuous  deposit  in  the  basal  part.  They  truncate  unit  VI 
and  P.B.  2 . 


Unit  III  is  limited  to  an  incision  about  10  m  large  and  1.5 
m  deep,  eroded  into  units  IV,  V  and  VI. 


P.B.  1  is  best  developed  on  unit  III,  but  an  iron  pan, 
related  to  this  soil,  is  on  top  of  unit  IV. 

Unit  II  is  best  developed  in  the  same  incision  as  unit  III, 
but  occurs  also  as  a  10  cm  thick  layer  in  the  basal  part  of 
the  valley  slope 

Unit  1  has  the  largest  extension  ans  forms  the  top  layer  all 
over  the  valley  slope.  This  unit  covers  an  important  erosion 
surface.  A  transverse  section  (Fig.  1.3)  was  composed  to 
relate  all  units  to  their  geomorphological  context. 


Detailed  grain  size  analyses  learned  that  the  sand  content 
is  a  diagnostic  criterium  to  distinguish  between  the 
different  units.  The  sand  fraction  will  inform  us  wether  the 
material  is  derived  from  the  loess  deposits  (unit  VI)  only 
or  that  also  Eocene  sands  were  eroded. 

Colluvial  deposits  II,  III.  IV  and  V  have  sand  contents 
similar  to  the  sand  content  of  unit  VI  (Fig.  1.4) .  We  assume 
that  during  these  phases  very  few  Tertiary  sands  were 
eroded.  In  colluvial  unit  I  (profiles  Ml  and  M3)  the  sand 
content  amounts  to  50  *  or  more  (Fig.  1.4) . 

As  for  the  sand  content,  the  rock  fragment  content  in  unit  I 
is  high  and  amounts  to  10  %  (Fig.  1.5).  In  unit  I  C  the  mean 
intermediate  axis  of  the  largest  rock  fragments  found 
equalled  4.2  cm  (n-  7)  compared  to  3.5  cm  (n  -  6)  for  unit 
II  C. 


6.  An  important 


formation  posterior  to  unit  1 1C 


In  figures  1.2  and  1.3  we  suggested  an  important  erosion 
phase  between-  the  silt  4oam  derived  colluvium  II  C  and  the 
sandy  colluvium  I  C  in  the  Valley' bottom’.  The-  latter  is 
studied  only  by  borings.  Unit  II  C  with  its  low  sand  content 
can  not  be  prolonged  in  the  valley  bottom,  where  on  the  same 
level  the  sand  content  is  high.  In  the  valley  bottom,  an 
increase  of  the  sand  content  of  the  sediments  from  a  depth 
of  4m  upwards  is  striking.  The  sand  content  in  the  top 
part  is  similar  to  that  of  the  studied  section. 


7.  The  chronoloq 


1.  The  charcoal  layer  between  unit  IIC  and  P.B.  1  is 
radiocarbon  dated  at  1320  +/—  80  BP  (LV— 11) .  In  calendar 

years,  after  calibration,  this  means  650-780  A.D. . 


2.  The  ceramics  found  in  unit  I  IIC  are  dated  sometime  in  the 
first  century  B.C.  to  the  third  century  A.D.  (determination 
by  Prof.  Mertens  and  Prof.  Van  Doorslaer,  K.U.L.). 


f 


'  Borvholt  4  Bor«ho(«  2  S*ctiof^  MU  Section  M3 

(projected) 


FiRurt  1.4.  Neerljse  -  Poels  valley-  The  sand  content  on  different  sites. 


Compare  to  Fig.  1.4. 


8.  Micromorpholoqlcal  results  of  units  I  to  VI 


The  croaa-section  in  the  pit  shows  an  upperslope  with 
profile  M.3  and  a  valley  infilling  in  the  lower  part, 
profiles  M.14  &  M.ll.  Undisturbed  soil  samples  are  taken 
from  the  various  units  and  soil  horizons  for  thin 
sectioning.  The  study  of  the  thin  section  is  focussed  on 
the  sedimentary  characteristics  of  the  units  and  the  soil 
formation  after  deposition. 

a.  Micromorphological  results  of  the  upper  slope,  profile 
M.3  (thin  sections  0.620-0.626) . 

In  profile  M.3  are  sampled,  from  below  to  above,  the 
following  units:  VI  (thin  sections  0.628-0.624),  V  (0.623- 
0.622).  IV  (0.621)  and  III  (0.620). 

UNIT  VI :  from  below  in  upward  direction  thin  sections  0.628- 
0.624. 

Depositional  characteristics 

This  unit  shows  mainly  in  the  lowest  part  (0.628)  a  clear, 
but  coarse,  laminated  fabric,  which  decreases  in  upward 
direction.  Thin  section  0.627  shows  only  a  weak  lamination. 
The  remaining  part  of  unit  VI  contains  incidentally  only 
remnants  of  laminae  (0.626-0.624).  The  parent  material  is  a 
mainly  loess-derived  slope  deposit,  calcareous  in  the  lowest 
part  (0.628)  and  non-calcareous  in  the  remaining  part 
(0.627-0.624),  locally  polluted  with  lithorelicts  (e.g. 
pedorelicts  of  an  older  soil  formation)  and  sharply  bounded 
ferric  nodules. 

The  indivudual  laminae  are  mainly  badly  sorted,  suggesting 
deposition  by  rainwash.  Formation  of  well  sorted  laminae 
with  sharp  boundaries  is  very  restricted,  suggesting  that 
deposition  by  afterflow  was  of  minor  importance  in  the  past. 
The  local  occurrence  of  mud  crust  fragments,  indicate  short 
stable  periods  of  non-deposition  during  the  sedimen.tation  of 
the  unit.  The  mainly  unlaminated  material  in  the  upper  part 
could  be  the  result  of  transport  by  splash  action.  The 
relatively  high  bioturbation  on  one  hand,  and  the  local 
occurence  of  remnants  of  laminae,  on  the  other  hand,  could 
indicate  disappearance  of  a  former  laminated  structure  by 
biological  activity. 

Postdepositional  features  and  soil  formation 

With  exception  of  the  lowest  part  the  unit  is  decalcified. 
Only  the  calcareous  lower  part  (0.628)  is  still 
characterized  by  dissolution  of  primary  carbonates, 
transformations  and  precipitation  of  carbonates,  giving  rise 
to  the  local  formation  of  intercalary  crustals.  crystal 
sheets,  crystal  chambers,  calcareous  nodules  and  common 
neocalcitane  around  pores. 

A  relatively  high  biological  activity  is  observed  throughout 
the  unit,  with  formation  of  channels,  fecal  pellets  and 
conmon  pedotubules  (e.g.  tubular  infillings  of  biopores). 
The  biological  activity  was  followed  by  illuviation  of  clay 


(e.g.  yellowish  brown  (few)  and  convnon  dirty  brown 
f erriargi 1  Ians) ,  increasing  in  upward  direction. 

Hydromorphic  features,  such  as  ferrans  and  diffusely  bounded 
ferric  nodules  are  very  rare,  indicating  that  soil  formation 
occured  mainly  under  well-drained  conditions. 

The  soil  formation  in  unit  VI  is  truncated.  After 
examination  of  the  thin  sections  of  this  buried  soil  PB.2 
following  horizon  designation  is  proposed: 

VI  Bt  2.1  (0.625)  -  VI  Bt2.2  (0.626)  -  VI  Bt3  (0.627)  -  VI 

BC  (0.628) 

In  the  pit,  locally  pockets  infilled  with  A  or  E  horizon 
material  are  observed  in  the  truncated  surface  of  this 
buried  paleosol  PB.2.  Thin  section  0.624  derived  from  this 
pocket,  shows  an  undifferentiated  silt  loam  with  little 
clay,  and  common  sharply  bounded  ferric  and  manganese 
nodules,  and  few  rounded  soil  nodules,  however  without 
organic  material.  The  infilling  consists  probably  of 
transported  E  horizon  material.  Deposition,  probably  by 
splash,  was  followed  by  soil  formation,  giving  rise  to  the 
development  of  channesl  (but  no  pedotubules) ,  and  locally  of 
yellowish  brown  and  dirty  brown  illuviation  f erriargi 1  Ians . 
The  illuviation  phenomena  are  regarded  as  illuviation 
features  belonging  to  the  soil  formation  above  it. 

UNIT  V  (thin  sections  0.623,  0.622  and  0.621) 

Depositional  characteristics 

The  lower  part  of  unit  V  is  a  mainly  loess-derived  slope 
deposit,  locally  mixed  with  weathered  sandstone  fragments, 
coarse  sand  grains  (in  the  upper  part  concentrated  in  one 
layer)  and  rounded  sharply  bounded  ferric  nodules.  In  thin 
section  0.622  three  zones  occur  with  mud  crust  formation. 
The  upper  part  is  partly  laminated,  probably  formed  •  by  ■ 
rainwash.  This  unit  is  deposited  at  least  in  three  different 
stages . 

The  top  part  of  unit  V  (thin  section  0.621)  is  a  weakly 
laminated,  almost  pure  loess-derived  slope  deposit,  with 
only  few  sharply  bounded  ferric  nodules,  and  without 
coarser,  non-loessic  relicts.  In  total  4  phases  of  mud  crust 
formation  could  be  recognized,  alternating  with  unistral, 
argillaceous  areas  and  areas  rich  in  silt-sized  particles 
and  poor  in  fine  clayey  components,  suggesting  deposition  by 
repeated  rainwash  and  afterflow  conditions. 


Postdepositional  features  and  aoil  formation 


In  the  two  lower  thin  sections,  0.623  and  0.622.  pedological 
features  are  mainly  channels  and  conmon  to  many  pedotubules. 
increasing  in  upward  direction.  Illuviation  f erriargi 1  Ians 
(mostly  the  dirty  brown  type)  are  very  rare  throughout  the 
unit.  Few,  diffusely  bounded,  ferric  nodules  are  only 
observed  in  the  bottom  part.  This  formation  of  ferric 
nodules  in  situ  suggests  a  slightly  impeded  drainage  in  the 
lower  part  of  the  unit  during  soil  formation. 

In  the  top  part  of  unit  V.  pedological  phenomena  are  very 
limited  and  occur  mainly  in  the  lower  part  of  the  thin 
section  0.621.  They  consist  of  a  few  channels  and 
pedotubules.  followed  by  a  weak  clay  illuviation.  There  is  a 
contradiction  between  the  relatively  high  degree  of  disorder 
in  the  thin  section  on  one  hand  andare  only  observed  in  the 
bottom  part.  This  formation  of  ferric  nodules  in  situ 
suggests  a  slightly  impeded  drainage  in  the  lower  part  of 
the  unit  during  soil  formation. 

In  the  top  part  of  unit  V.  pedological  phenomena  are  very 
limited  and  occur  mainly  in  the  lower  part  of  the  thin 
section  0.621.  They  consist  of  a  few  channels  and 
pedotubules,  followed  by  a  weak  clay  illuviation.  There  is  a 
contradiction  between  the  relatively  high  degree  of  disorder 
in  the  thin  section  on  one  hand  and  a  relatively  low 
bioturbation  on  the  other  hand.  A  tentative  explanation 
could  be  a  relatively  high  impact  of  frost  action  in  this 
unit,  due  to  the  differences  in  clay  content  of  the 
individual  laminae.  A  tentative  explanation  could  be  a 
relatively  high  impact  of  frost  action  in  this  unit,  due  to 
the  differences  in  clay  content  of  the  individual  laminae. 

UNIT  IV  (thin  section  0.620). 

,  Depositional  characteristics 

Unit  IV  is  a  horizontal  banded,  almost  pure,  loess-derived, 
slope  deposit.  The  individual  bands.  1.5-3  cm  thick, 
consist  of  weakly  laminated  material,  mainly  silt-sized 
particles  (poor  in  argillaceous  material)  with  on  top  of  it 
a  fine  laminated  argillaceous  deposti  (the  argillaceous 
laminae  are  enriched  with  micas  parallel  to  the  surface, 
and/or  opague  minerals).  This  suggests  that  the  silty  part 
is  formed  by  rainwash  and  the  top  deposit  by  afterflow. 
Locally,  mud  crust  fragments  and  sharply  bounded  ferric 
nodules  are  found. 

Postdepositional  features  and  soil  formation 

Pedological  features  are  mainly  pedotubules  occurring  in 
three  main  stages,  starting  frcxn  the  argillaceous  upper 
parts  of  the  bands  going  in  downward  direction.  This  was 
followed  only  by  a  weak  illuviation  of  dirty  clay  and  a  very 
weak  formation  of  yellowish  brown  illuviation 
ferriargi 1  Ians.  This  pattern  could  indicate  a  relatively 


slow  colluviation 
formation . 


alternating  with 


periods  of  soil 


In  units  IV  to  VI  of  profile  M.3  no  artefacts  were  found, 
such  as  coals,  pottery  fragments,  etd.,  indicating  human 
influence  during  formation  of  the  deposits. 

b.  Mi cromorpho logical  results  of  the  valley  infilling. 
profiles  M.ll  and  M.14  (from  below  to  the  surface  thin 
sections  0.634-0.629). 

In  profile  M.ll  the  following  units  are  sampled  for  thin 
sectioning,  from  below  to  above  ;  VI  (lower  part  of  thin 
section  0.63),  III  (upper  part  of  0.63.  0.633.  and  lower 
part  of  0.632).  and  unit  II  (upper  part  of  0.632). 

In  profile  M.14  undisturbed  samples  are  taken  for  thin 
sectioning,  from  below  to  above,  in  the  units:  II  (0.631  and 
0.630)  and  I  (0.629)  . 

.'  UNIT  VI  (0.634,  lower  part). 

Oepositional  charaeterisitcs 

In  the  top  of  unit  VI  only  remnants  of  badly  sorted  laminae 
are  recognized  in  combination  with  some  coarse  sand  grains 
and  sharply  bounded  ferric  nodules,  suggesting  deposition  by 
rainwash,  slightly  polluted  during  transportation  of  loess- 
derived  material. 

Postdepositional  features  and  soil  formation 

Indications  for  soil  formation  are  very  limited,  and  consist 
of  irregular  voids  (so-called  vughs) ,  channels  and 
pedotubules,  formation  of  few  dirty  brown  illuviation 
f err iargi 1  Ians  and  diffusely  bounded  ferric  nodules,  which 
are  formed  in  situ.  The  pedotubules  are  most  well  developed 
near  the  upper  boundary  of  unit  VI .  Taking  into  account  the 
observed  hydromorphic  features  and  the  weak  clay 
illuviation,  is  suggested  as  pedological  horizon  designation 
:  VI  BCg. 

UNIT  III  (upper  part  of  0.634.  0.633,  and  lower  part  of 
0.632)  . 

Depositional  characteristics 


Unit  III  is  a  loess-derived  slope  deposit,  containing 
additionaly  lithorelicts,  such  as  sandstone  fragments, 
sharply  bounded  ferric  nodules,  coarse  sand  grains,  and  soil 
nodules.  Remnants  of  laminae  occur  only  very  locally  (upper 
part  of  0.63  and  in  0.633).  These  remnants  consist  mostly 
of  badly  sorted  fine  silt.  They  occur  in  combination  with 
mud  crust  fragrraents.  Taking  into  account  the  relatively  low 
bioturbation  in  this  unit,  it  could  be  formed  by  rainwash, 
in  combination  with  transportation  b,  splash  action. 


After  deposition  of  unit  III  followed  bioturbation  (with  the 
formation  of  mainly  pedotubules  and  less  channels), 
formation  of  hydromorphic  features,  such  as  diffusely 
bounded  ferric  nodules,  reduction  of  matrix  material, 
oxydation  of  matrix  material  around  biopores  and 
pedotubules.  Illuviation  of  clay  is  very  limited  in  this 
unit.  Few  yellowish  brown  illuviation  f erriargi 1  Ians  are 
only  observed  in  0.63  (upper  part)  and  in  0.633.  Biological 
activity  increases  in  upward  direction,  and  is  most 
prominent  in  0.633  and  0.632  (lower  part). 

Striking  in  this  unit  is  the  sequence  of  events  concerning 
biological  activity  and  hydromorphic  features.  In  0.633 
occured  firstly  biological  activity,  followed,  secondly, 
above  all  by  reduction  and  only  locally  by  oxydation  around 
biopores.  In  0.632  (lower  part)  first  a  high  hydromorphism 
with  dominantly  reduction  in  the  upper  part  of  unit  III  and 
iron  segregation  in  the  bottom  part  of  0.632  developed.  It 
was  followed  by  bioturbation,  in  which  pedotubules  crossed 
the  iron  segregation. 

In  the  top  of  unit  III  occurs  a  band  of  elongated,  thin, 
charcoal  fragments,  probably  derived  from  burned  grass 
blades.  Elsewhere  in  the  profile  thick  charcoal  fragments 
from  wood  are  frequent.  The  charcoal  was  dated  by  the  Cl- 
method  1320  +  80  B.P..  These  thin  charcoal  fragments  are 
also  incorporated  in  the  pedotubules  below  this  band, 
witnessing  of  continued  pedoturbation  after  burning  of  the 
vegetation . 

After  examination  of  the  thin  section  following  horizon 
designation  is  proposed:  Ill  BCg  (upper  part  0.63)  -  III  Bg 
(0.633)  -  III  ABg  (lower  part  of  0.6321)  . 

UNIT  II  (upper  part  of  0.632.  0.631  and  0.630). 

Depositional  characteristics  •  .  •  ’  .  . 

Unit  II  is  an  unlaminated  loess-derived  slope  deposit 
containing  in  addition  lithorelicts.  such  as  weathered  and 
unweathered  sandstone  fragments,  mediam  and  coarse  sand 
grains  (locally  in  clusters  (0.631)  or  in  vertical  bands, 
0.630),  sharply  bounded  ferric  nodules,  mud  crust  fragments, 
and  few  pieces  of  charcoal.  In  comparison  with  unit  III  the 
pollution  of  the  loess-derived  slope  deposit  has  increased. 


The  absence  of  lamination  and  the  occurence  of  mud  crust 
fragments  suggests  periods  of  deposition  by  splash, 
alternating  with  mud  crust  formation.  The  possibility  that 
the  unit  was  originally  well-laminated  but  disappeared  by 
subsequent  bioturbation  is  unlikely,  due  to  a  relatively  low 
biological  activity  as  has  been  observed  in  the  upper  part 
of  0.632  and  in  0.631.  Bioturbation  is  only  more  prominent 
in  0.630. 


Indications  for  soil  formation  are  very  limited,  among 
others:  common  vughs,  few  channels  and  pedotubules  (these 
are  only  common  in  0.630),  very  locally  yellowish  brown  and 
dirty  brown  illuviation  f erri-argi 1  Ians ,  and  formation  of 
diffusely  bounded  ferric  nodules  (0.631).  In  common  unit  II 
is  well  drained,  in  contrast  with  the  unit  III  below. 

UNIT  I  (0.629) 

Depositional  characteristics 

Unit  I  is  an,  only  very  locally,  laminated  (enclosed  silty 
layers)  sandy  loam  to  loamy  sand  with  common  sand  grains 
(locally  occurring  in  clusters),  weathered  and  unweathered 
sandstone  fragments  (up  to  gravel-size) ,  and  with  common 
charcoal  fragments.  If  this  slope  deposit  was  laminated 
originally  than  this  structure  disappeared  by  ploughing 
above  20  cm,  and  by  biological  activity  in  the  zone  deeper 
than  20  cm  of  depth. 

Postdeposit ional  features  and  soil  formation 

Recognizable  pedological  features  are  again  very  limited. 
The  upper  part  of  0.629  is  relatively  compact,  without 
biopores,  but  with  root  remnants  in  living  position.  Below 
20  cm  of  depth  common  channels  and  pedotubules  occur  and  is 
consequently  porous. 1 1 luviat ion  phenomena  are  not  observed 
in  this  unit. 

The  following  pedological  horizon  designation  is  suggested 
for  unit  I:  I  A(0-6  cm)  -  I  Ap  (6-20  cm)  -  I  Cl  (20-32  cm). 

The  occurence  of  charcoal  in  the  top  of  unit  V  and  in  the 
units  II  and  I  suggests  that  the  formation  of  profile  M.14 
at  least  is  influenced  by  human  activity  since  1320  +  80 
B.P. 

9.  Conclusions  and  discussion 

The  onset  of  colluviation  in  this  valley  is  not  dated.  Units 
V  C  and  IV  C  are  mainly  loess-derived  slope  deposits  on  a 
truncated  surface.  No  human  artefacts  were  found.  The 
micromorphological  analysis  suggests  that  the  lamination  in 
the  top  part  of  unit  V  C  should  be  formed  mainly  by 
rainsplash,  while  the  horizontal  banding  of  IV  C  should  be 
due  to  rainwash  followed  by  afterflow. 

The  colluviation  of  units  V  C  and  IV  C  was  followed  by  an 
incision  of  the  valley  of  at  least  2  m  by  concentrated 
runoff.  Rills  containing  roc)<  fragments  were  also  observed. 


These  erosion  forms  were  colluviated  first  by  unit  III  C, 
later  by  unit  II  C.  Unit  III  C  is  a  loess-derived  slope 
deposit.  It  could  be  formed  by  rainwash  in  combination  with 
splash.  This  unit  is  dated  by  ceramics  in  a  period  between  1 
century  B.C.  and  3  centuries  A.D.. 


The  age  of  the  hydromorphic  soil  P.B.  1  on  top  of  this  unit 
is  rather  well  fixed  as  it  is  younger  than  the  ceramics  and 
older  than  the  charcoal  on  top  (650-780  A.D.)  and  covers  the 
Merovingian  period.  This  period  is  known  as  period  of 
decline,  abandonment  of  arable  land  and  exentension  of 
forest  areas.  To  our  knowledge,  it  is  the  first  time  that  a 
soil  of  this  period  is  desr 'ibed  in  Belgium.  The  soil  is 
probably  formed  due  to  local  wet  conditions  related  to  an 
increased  throughflow  on  top  of  an  impeding  horizon  (B- 
horizon  of  P.B.  2  ?)  under  forest.  A  relation  with  the  main 
aquifer  is  indeed  excluded  as  ther  are  not  general  reduction 
phenomen  below  P.B.  1.. 

The  charcoal  layer  forms  a  key  in  the  stratigraphy  and  marks 
the  final  deforestation  by  man  somewhere  between  650  and  760 
A.D..  at  the  beginning  of  the  Carolingian  period.  The 
mi cromorpho logical  analyses  indicate  that  the  formation  of 
the  hydromorphic  soil  still  continued  for  a  very  short 
period  of  time  and  was  soon  recovered  by  the  colluvium  II  C. 
which  has  the  typical  colour  of  anthropogenic  colluvium  in 
the  area. 

Unit  II  C  is  mostly  homogeneous,  but  some  sporadic 
horizontal  laminations  have  been  observed.  The  origin  of 
this  unit  is  not  clear.  The  micromorphological  analyses 
suggest  deposition  by  splash  with  mud  crust  formation.  But 
how  then  to  explain  the  thickness  of  II  C.  the  presence  of 
rock  fragments  (1%)  and  what  about  the  effects  of 
cultivation  practices  by  roan  on  the  fabric  of  the  colluvium 
? 

An  important  period  of  slope  erosion  -  unfortunately  not 
dated  -  truncates  all  former  deposits  and  forms  a  clear 
planar  disconf ormity  covered  with  the  coarse  colluvia  of 
unit  I  C.  Detailed  bore  sections  make  us  to  believe  that 
during  this  period  an  important  gully  has  been  formed  in  the 
valley  bottom.  It  is  during  this  stage  that  most  of  the 
valley  slope  has  been  uncovered  from  loamy  deposits  (a 
process  that  is  still  in  progress) .  The  most  recent 
colluvial  deposits  I  C  contain  more  coarse  rock  fragments 
that  the  older  colluvia  II  C  (Fig.  1.5).  This  can  be 
attributed  either  to  the  fact  that  more  and  more  rock 
fragments  have  become  available  at  the  upland  soil  surface 
for  subsequent  evacuation,  or  that  the  frequency  of  rilling 
and  the  competence  of  rill  flow  has  increased. 


II.  THE  HULDENBERG  EXPERIMENTAL  FIELD  AND  THE  HOF  TEN  BOSCH 
CATCHMENT 

(J.  De  Ploey,  G.  Govers,  H.  Mtlcher,  E.  Paulissen,  J. 
Poesen.  L.  Van  Elewyck) 

1.  Introduction 

The  original  aim  of  the  observations  on  the  Huldenberg  field 
site  (fig.  0.2)  was  to  obtain  as  much  and  as  detailed 
information  as  possible  on  the  hi  11s lope  erosion  processes 
as  they  occur  in  the  Belgian  Loam  Belt.  This  required  not 
only  erosion  measurements  but  also  the  collection  of 
information  on  hillslope  hydrology  and  on  the  static  and 
dynamic  soil  characteristics  influencing  both  hydrology  and 
erosion.  By  doing  so.  it  was  hoped  to  gain  insight  in  the 
sediment  transfer  system,  taking  into  account  the 
interrelationships  between  the  various  subprocesses. 
Furthermore.  investigations  of  the  properties  of  the 
historic  deposits  at  the  base  of  the  slope  and  in  the 
cathment  allowed  to  situate  the  current  phenomena  in  an 
historical  framework. 

Observations  on  the  slope  and  in  the  cathcment  are  carried 
out  since  november  1982.  Splash  transport  measurements  took 
place  from  1/03/83  till  01/06/83.  The  evolution  of  the  rill 
and  gully  system  and  splash  detachment  were  intensively 
monitored  from  15/11/83  till  03/10/84.  Interrill  wash 
erosion  and  runoff  was  measured  from  02/10/84  till  28/12/84. 
From  20/10/86  till  present  additional  observations  are 
carried  out  on  runoff  production  on  interrill  areas. 

2.  Surficial  deposits 

The  characteristics  of  the  surficial  deposits  of  the 
experimental  slope  are  highly  variable.  On  the  western  part 
of  the  steepest  slope  section  a  thick  loam  cover  is  present, 
whil'e  on  Other -parts  of  the  ,fie.ld  the  Tertiary  sands  are 
near  to  the  surface,  sometimes  cove’red  with  an  early 
Quaternary  gravel  deposit  (fig.  II. 3,  II. 4  and  1 1. 5). 
Gravel  deposits  are  cropping  out  over  a  limited  surface 
(fig.  II. 4).  Actually,  gravel  is  found  in  the  topsoil  on  a 
considerable  distance  downs  lope  from  the  outcrop  (fig. 
II. 5).  As  there  is  no  gravel  present  in  the  underlying 
loess,  vertical  migration  of  the  pebbles  has  to  be  excluded 
so  that  it  can  be  stated  that  rock  fragment  migration  has 
taken  place  over  the  surface.  The  basal  concavity  consists 
of  a  thick  colluvial  deposit. 

This  variability  is  reflected  in  the  surface  soil  properties 
:  clay  content  of  the  topsoil  is  very  variable  (fig.  II. 6) 
the  USLE  K-value  varies  within  the  field  from  0.28  to  0.55 
(fig.  II. 7).  This  questions  the  feasibility  of  erosion  risk 
surveys  based  on  USLE  criteria. 
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Iq.  M.l  Land  use  in  the  Hof  ten  Bos  area  ir>  late 
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Fig.  11.2  Land  use  in  Ihe  HoT  ten  Bos  area  since  186) 


1.  Arabia  lands,  lo  the  Gsaspocl  vsllef,  thtsa  loads 
belongs  to  Che  Hoi  ten  Bos  fare,  eentlooed  already 
in  the  early  1300. 

2.  Forest  area  till  18S0.  ‘Rtis  forest  had  already  an 
Idencicsl  surface  ia  1526,  the  oldest  precise 
docueeac. 

3.  Forest  ares  la  1806,  arable  land  ia  1850. 


1.  Old  arable  land. 

2.  Arable  land  froa  1865,  forest  since  1908  at  least. 

3.  Forest  • 

A.  Orchards 


6.  Arable  lands  in  1865.  The  esperiaental  field 
belongs  to  this  unit. 

7.  Deforested  in  1865,  sesdov  since  1920  at  least. 

8.  Arable  lands  in  1865,  forest  since  about  1935. 

9.  Neadov  since  1920  at  lesst.  Arable  land  since  1950 
for  A,  since  195A  for  B  and  since  1979  for  C. 

10.  Arable  land  in  1855  till  1954,  oeadow  till  1974 
and  aftervards  arable  land. 
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rig.  II. 6  Spatial  variability  oT  the  clay  content  of  the 
pjoa  layer 


3.  Hi  11b lope  hydrology 


On  the  slope,  a  pronounced  spatial  variability  of  runoff 
yield  was  observed,  with  maximum  amounts  on  the  flattest 
parts  (fig.  11.8).  Measurements  of  soil  cohesion  on 
interrill  areas  suggested  that  these  variations  could  be 
related  to  slope-dependent  crust  development  (fig.  II. 9). 
The  latter  is  believed  to  be  caused  by  a  combination  of 
various  mechanisms  on  steeper  slopes,  surface  seal 
development  will  be  obstructed  by  the  intense  erosion  and 
furthermore,  complete  saturation  of  the  top  layer  is  very 
unlikely  to  occur  so  that  aggregate  breakdown  and  sealing 
might  be  retarded. 

However,  these  observations  did  not  allow  to  conclude  that 
there  was  a  definite  slope  and/or  soil  effect  as  soil 
properties  varied  together  with  slope.  Therefore,  a  new 
series  of  plot  measurements  was  set  up,  whereby  the  surface 
soil  of  small  interrill  plots  was  exchanged  on  the 
plateau,  plots  were  set  up  with  the  topsoil  found  on  the 
slope  and  vice  versa.  Comparison  of  the  results  of  these 
plots  with  the  results  of  plots  on  which  the  original 
topsoil  remained  in  place  allowed  to  distinguish  between 
soil  and  slope  effects.  The  results  showed  that  in  the  first 
period  after  cultivation  soil  effects  were  the  most 
important  (tab.  II. 1).  After  ca.  150  mm  of  rain,  the  slope 
effect  became  dominant.  It  may  be  concluded  that  both  slope 
and  topsoil  characteristics  have  an  influence  on  runoff 
production. 

On  continually  crusted  low  sloping  interrill  areas  runoff 
yield  per  unit  surface  was  generally  independent  of  slope 
length  (tab.  II. 2).  However,  due  to  the  differentiation  of 
crust  properties  as  a  function  of  length,  runoff  yield 
increases  with  slope  length  during  minor  runoff  events.  On 
the  steep  slope,  runoff  yield  decreased  with  slope  length, 
probably  not  only  because  of  the  better  structural 
characteristics  'of  '  the  doil.  but  also  because  of  slope 
effects  (erosion  of  surface  seal  on  longer  plots  ?) . 

During  dry  periods  runoff  generation  is  clearly  Hortonian. 
However,  tensiometer  recordings  indicate  frequent  saturation 
of  the  plow  layer  during  wet  periods  so  that  saturation 
overland  flow  may  occur  (fig.  1 1. 10).  Lateral  migration  of 
the  water  takes  place  through  macropores  as  well  as  through 
pipes  formed  by  animal  activity  or  by  tillage  operations. 

4.  Interrill  erosion 


Raindrop  impact  can  be  considered  to  be  the  major  detachment 
agent  on  interrill  areas.  Spatial  variability  of  absolute 
splash  amounts  is  reasonably  well  predicted  by  an 
erodibility  index  resulting  from  laboratory  experiments  by 
Verhaegen  (fig.  1 1. 11  and  11.12). 


Net  splash  transport  is  well  predicted  by  a  laboratory 
model.  Verification  on  the  field  showed  that  net  transport 
on  a  south-facing  slope  is  often  directed  upslope  due  to  the 
influence  of  southwesterly  winds  (fig.  11.13).  However,  the 
direct  contribution  of  splash  transport  to  soil  loss  is  of 
minor  importance  and  amounts  to  some  tens  of  kg  per  ha  and 
per  year  at  a  maximum. 

Splash  amounts  during  higher  magnitude  events  are 
underestimated  if  rainfall  kinetic  energy  is  used  as  a 
measure  of  rainfall  erosivity.  Better  results  are  obtained 
if  the  sum  of  the  squared  momenta  is  used  (fig.  II.14a-b). 

Sediment  transport  from  interrill  areas  mainly  occurs  by 
interrill  wash.  The  delivery-ratio,  being  the  proportion  of 
the  detached  sediment  that  is  actually  evacuated  by  wash,  is 
near  unity  for  freshly  tilled  surfaces  (provided  that  there 
are  sufficient  amounts  of  runoff)  (fig.  11.15a).  The 
delivery-ratio  appears  to  be  slope-dependent  for  crusted 
interrill  areas.  This  migth  be  due  to  the  formation  of  a 
coarse  lag  deposit  on  lower  slopes  (fig.  11.15b). 

For  the  Huldenberg  field  site,  it  was  estimated  that  about 
34  tons  of  sediment  were  evacuated  by  interrill  wash  during 
a  one  year  period.  Direct  insplash  into  the  rill  and  gully 
system  caused  a  loss  of  approximately  2.4  tons  in  the  same 
period  (tab.  II. 5)  and  is  therefore  of  negligible  importance 
compared  to  interrill  wash. 

5.  Rill  and  gullv  erosion 

The  evolution  of  the  rill  and  gully  system  was  monitored  by 
periodic  mapping  whereby  the  position,  depth  and  width  of 
each  rill  were  noted  on  15  transects  each  10  m  downs  lope 
(fig.  11.16  and  11.17).  This  allowed  the  monitoring  of 
temporal  and  of  spatial  variability  of  rill  and  gully 
erosion 'if Ig .  TI.IS  and. 1 1. 19). 

To  analyse  and  describe  rill  development,  it  was  necessary 
to  make  a  distinction  between  hydraulic  rill  erosion,  mass 
wasting  on  rill  sidewalls  and  gully  erosion  as  different 
factors  influenced  these  subprocesses. 

Hydraulic  rill  erosion  was  defined  as  the  amount  of  rill 
erosion  directly  caused  by  flowing  water.  It  occurs  mainly 
during  higher  magnitude  runoff  events  (fig.  11.20)  .-  ca.  70* 
of  total  hydraulic  erosion  was  caused  by  three  higher 
magnitude  events  on  03/02/8,06/02/8  and  25/08/84  with 
rainfall  amounts  of  8.13  and  36  onm  and  intensities  of  50,50 
and  80  min/h  respectively,  while  total  precipitation  during 
the  observation  period  was  721  mm.  However,  comparison  of 
hydraulic  rill  erosion  with  total  transporting  capacity  of 
the  flow  indicated  that  the  ratio  erosion/transporting 
capacity  does  not  increase  considerably  during  extreme 
events  (tab.  II. 3).  Transporting  capacity  relationships  may 


0>/lO/»t 


therefore  be  useful  tools  in  making  a  first  estimate  of  the 
erosion  potential  of  a  given  runoff  event. 

Hydraulic  rill  erosion  is  well  related  to  topographical 
factors,  at  least  if  runoff  generation  is  general  (fig. 

11.21) .  Rills  generated  when  the  slope  of  the  field  exceeded 
4-5%.  This  is  in  agreement  with  laboratory  data  and  earlier 
literature  data  and  is  explained  by  the  fact  that  the  start 
of  incision  is  related  to  a  critical  grain  shear  velocity. 
If  both  slope  and  slope  length  are  included  in  a  regression 
equation,  it  appears  that  slope  and  length  exponents  are 
far  from  constant.  This  is  mainly  caused  by  the  fact  that 
hydraulic  rill  erosion  rate  on  the  concave  base  of  the  slope 
(transect  15)  increases  less  rapidly  as  hydraulic  rill 
erosion  on  the  convex  part  of  the  slope 

Mass  wasting  on  the  contrary  is  mainly  determined  by  the 
hydrological  and  soil  mechanical  properties  of  the  soil 
profile.  At  the  Huldenberg  site,  it  was  most  active  on  the 
eastern  half  of  the  mid-slope  section  (fig.  11.18),  where  a 
sandy  plow  layer  overlaid  an  impervious  subsoil.  Sidewalls 
of  rills  formed  in  loamy  material  proved  to  be  more  stable, 
despite  the  occurence  of  positive  pore  water  pressures  (fig. 
II. 10).  Mass  wasting  produced  37  %  of  total  sediment  output 
from  the  rill  and  gully  system  during  the  observation 
period.  62  %  of  total  sediment  production  by  mass  wasting 
occured  during  the  last  month  of  the  observation  period, 
after  considerable  deepening  of  the  rills  by  an  higher 
magnitude  event  on  25/08/84. 

On  the  eastern  part  of  the  steepest  slope  section  gully 
erosion  occurred  (fig.  11.17).  As  the  Brusselian  sand  was 
very  near  to  the  surface  in  this  area,  a  headcut  was  formed 
when  the  rill  beds  reached  the  sand.  This  headcut  moved 
rapidly  upslope  during  extreme  runoff  events.  Gully 
sidewalls  were  most  vulnerable  .during  sunnter  and  spring  as 
drying  caused  the  sand  to  loose  all  Its  cohesion-  ((ig-^ 

11.22) .  Backward  migration  of  the  headcut  was  limited  to 
major  runoff  events.  The  occurrence  of  these  gullies 
illustrates  very  well  the  fact  that  the  erodibility  of  a 
given  soil  profile  is  dependent  on  its  position  in  the 
landscape.  The  vulnerability  of  a  soil  with  a  sandy  subsoil 
in  a  given  location  will  depend  on  the  local  slope  and  on 
the  potential  of  concentrating  considerable  amounts  of 
runoff . 

A  sediment  budget  was  constructed  as  a  synthesis  of  the 
measurements  (tab.  II. 5).  One  of  the  most  interesting 
results  was  that,  although  the  field  site  was  very  heavily 
rilled,  interrill  erosion  was  relatively  important  in  total 
sediment  production  :  22  %  of  total  soil  loss  came  from 
interrill  areas.  Of  course,  the  relative  importance  of  the 
various  processes  varies  in  time  and  in  space  in  the 
beginning  of  the  observation  period,  40  %  of  total  erosion 
was  interrill  erosion.  Interrill  erosion  is  also  much  more 
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If. 6  Contribution  of  various  processes  to  total 
erosion  transect  on  lao  different  dates 


important  on  th«  upper  part  of  the  slope  (tab.  1 1. 6)  :  this 
implies  that  on  normally  cultivated  fields,  which  have 
generally  a  lower  maximum  slope  and  are  bare  for  a  much 
shorter  period,  the  relative  importance  of  interrill  erosion 
may  well  be  above  50  %. 

Rill  flow,  generated  during  moderate  runoff  events  can  be 
identified  as  the  most  important  process  leading  to  the 
downslope  movement  of  rock  fragments  on  upland  areas  in  the 
Belgian  Loam  Region.  Incipient  motion  conditions  for  single 
or  clustered  rock  fragments  on  relatively  flat  rill  beds 
coincide  with  a  mean  Shields  entrainment  parameter  (9e)  of 
0.012,  which  is  much  smaller  than  the  generally  accepted  tfe 
for  channel  flow  (fig.  11.24).  Laboratory  data  show  that 
this  can  be  explained  by  the  relative  steep  bed  gradients 
and  the  low  angle  of  repose 

Transport  of  rock  fragments  by  rill  flow  is  relatively 
aselectlve  (fig.  II.23a-b  and  11.25).  This  is  partly 
explained  by  the  stochastic  nature  of  rock  fragment 
entrainment  and  partly  by  the  traps  occuring  in  the  rill  bed 
:  also,  it  is  possible  that  larger  fragments  are  set  in 
motion  by  the  impact  of  moving  smaller  fragments.  This  means 
that  the  gravel  size  as  an  indicator  of  flow  competence  is 
very  limited. 

6.  Considerations  on  the  shape  of  rLlls  as  related  to 
hydraulic 

conditions  and  the  length  of  a  convex  slope  L  (J.  De  Ploey) 

-  On  the  convex,  bare  slope  section  of  Huldenberg,  slope  S, 
in  percentage,  is  linearly  related  to  slope  length  L,  in 
meters : 


S  -  0.22  L  (1) 

-  Where  the  rills  start  S  is  about  4  %  and  furfhei  down's lo|Se 

S  -  4  +  0.22  L  (2) 


-  Remarkable  is  the  fact  that  there  is  also  a  linear 
relationship  between  the  depth  D  (meters)  of  the  rills  and 
slope  length  L; 


For  the  different  rills  the  function  varies  : 


D  -  0.0025  L 


(3) 


to  : 


D  -  0.0050  L 


(4) 


-  At  the  first  incision,  over  a  distance  of  20-30  m,  width  W 
definitely  exceeds  depth  D.  The  rills  start  in  more  sandy, 
gravelous  material.  But  downslope,  where  there  is 
entrenching  in  the  clayey  Bt -horizon  W  becomes  equal  to  D: 
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W  -  D 


(5) 


-  Thus,  the  volume  V  eroded  per  unit  length,  correaponde  to 

V  -  D  X  W/2  X  1  -  tP/2  (6) 
which  means,  taking  into  account  (3)  and  (4) : 

V''-L“  (7) 

-  Interesting  is  a  consideration  on  the  relationship  between 
the  shear  stress  s  of  the  flow  and  its  evolution  along  the 
slope  L: 

According  to  Darcy-Weisbach  : 

u  -  (8gRS/f ) (8) 

where 

u  ”  the  mean  velocity  of  the  flow 
g  -  acceleration  due  to  gravity 

R  -  the  hydraulic  radius 

S  -  the  slope 

f  -  the  friction  factor 

For  flows  in  a  rough  channel  COVERS  and  RAUWS  (1986)  propose 
to  split  up  the  friction  factor  f: 

f  -  f  +  f"  (9) 

whereby  f  is  the  grain  roughness  friction  factor,  f"  is  the 
form  friction  factor  related  i.a.  to  the  pool  successions 
within  the  channel  bed.  Based  on  literature  data  and  on 
experimental  research,  it  can  be  stated  that  the  erosivity 
as  will  -  as  the  -transporting,  capacity  of  the  flow  are  not 
controlled  by  total  shear  ’stress,'  bv^t  ’  .by  the  -grain  shear 
stress,  which  is  the  shear  stress  exerted  on  the 
(transportable)  grains  : 

s '  “  d.« .  g .  R '  .  S  (10) 

or  :  s’  -  1/8  f’t  u»  (11) 

vhere  :  d-  "  density  of  water 

R’  -  the  hydraulic  radius 

attributed  to  the  grain 
roughness 

s’  -  the  grain  shear  stress 

It  is  reasonable  to  consider  f  and  f’  as  nearly  constant 
within  the  rills.  In  fact,  measurements  show  that  the 
number  of  pools  per  unit  length,  and  therefore  also  their 
size,  is  fairly  constant  so  that 


and 


f  -  8  g  R  S/uf* 
f  -  a  g  RO  S/u» 


(12) 


so  that,  with  Ru  -  q  : 

u  -  (8  g/f)‘'=*  S*"’  (13) 

where  q  -  the  unit  discharge 

Thus,  within  (13),  the  factor  (8  g/f)*'®  can  be  considered 
as  constant,  with  a  value  . 

Finally  expression  (11)  of  shear  stress  s  becomes: 

s*  -  C*-.q“''=*.S='=»  (14) 

How  ;  q  ^  L*-®  (15) 

according  the  rational  formula,  Q  ■  C.Ir.A,  where  : 

C  -  the  runoff  coefficient 
Ir  “  rainfall  intensity  and 
A  -  the  size  of  the  rill  catchment, 
proportional  to  L*-“  and,  talcing  into  account  (4) : 

S-^L'-o 

which  means  for  (14)  :  (16) 

The  transporting  capacity  T  of  the  flows  is  related  to  a 
power  funciton  of  s,  with  maximum  values  defined  recently  by 
COVERS  (in  press)  : 

for  silty  loams  :  T'^s’®-®  (17) 

for  sandy  sediments  :  T'^s'*-®  '  (18) 

and  the  combination  of  (16),  (17)  and  (16)  permits  to  lin)c  T 
with  L,  for  material  that  may  loamy  to  sandy: 

T'N'  L’-®  (19) 

Proportionally  (7)  expresses  erosion  E  in  the  rills  and 
shows  that  E  L“-°.  So  it  becomes  clear  that  transporting 
capacity  T  far  ex-ceeds  erosion  E. 


Summarized : 


S  L‘  - 
D  -  W  L‘-'^ 


Y  ^L*-° 

TVLs.o  f.  *.o 


E«T 

These  relationships  concern  a  convex  slope  section  which 
corres-ponds  to  an  arc  of  circle.  The  proportionality  D 
can  be  com-pared  to  the  one  on  rectilinear  slope 
section  where  the  exponent  of  L  takes  values  inferior  to  1.0 
(oral  communication  RAUWS  and  COVERS) 

7.  Vegetation  and  erosion 

a.  Erosion  bv  stemf low  on  corn 

Stemf low  measurements  on  corn  showed  that  a  corn  plant  can 
yearly  produce  up  to  20  1  of  stemf low.  V?hen  corn  plants  are 
fully  grown,  stemf low  can  amount  to  45  %  of  total 
precipitation.  This  stemf low  water  reaches  the  soil  at  the 
base  of  the  corn  Plant  and  can  activate  rill  erosion  if  the 
slope  is  sufficiently  steep.  These  rills  may  develop  along 
the  plant  rows  or  between  them  (fig.  11.26)  and  may  continue 
to  grow  even  if  the  plant  cover  is  nearly  100  %  (tab.  11.7). 

b.  Recent  gullying  on  the  experimental  slope  covered  bv 
grass  (J.  De  Ploey.  G.  Covers) 

Following  seguence  of  events  was  observed  in  the  gullies 
formed  on  the  vegetated  part  of  the  slope,  after  planting  of 
the  grass  in  the  fall  1986  : 

-  Incision  of  the  rills  and  gullies  started  between  the  rows 

-  Lateral  erosion  is  impeded  as  long  as  entrenching  is 
within  the  top  layer  with  the  root  mat 

-  When  incision  goes  down  through  the  root  mat  erosion 
accelerates  as  a  lot  of  lateral  sapping  occurs.  Sidewalls 
are  undercut  and  slide  into  the  gully  with  the  grass  sods  on 
top.  The  lower  part  of  these  blocks  is  eroded  by  the  flow, 
but  the  top  layer  with  the  sods  is  resistant. 


-  These  residual  blocks  act  as  large  roughness  elements 
which  promote  the  unilateral  shift  of  the  flow  and  sapping 
of  opposite  gully  walls.  This  effect  raises  the  question 
wether  or  not  vegetation  is  not  indirectly  promoting  and 
accelerating  the  erosion  in  the  deeper  gully  sections 
compared  to  their  development  on  bare  soils. 

Of  course,  other  effects  are  also  involved  : 

-  Colonization  of  the  channel  and  gully  walls  by  the  grass 
is  poor. 

-  The  global  roughness  of  the  channels  is  superior  to  the 
roughness  of  the  channels  developed  on  bare  surfaces. 

-  The  net  balance  will  also  be  determined  by  the  increase  of 
infiltration  under  the  grass  cover,  which.  in  turn,  can 
activate  subsurface  flow,  pipeflow  and  pipe  erosion. 

6.  The  colluvium 

Two  borings  in  the  colluvium  (fig.  11.27)  have  been  sampled 
each  10  cm  for  grain  size  analysis  (tab.  11.8).  In  a  pit 
located  near  boring  I  ard'itional  samples  were  taken  for 
micromorpholigical  analVi -.3  and  for  Caesium-137  dating. 

The  colluvium  can  be  subdivided  in  three  units  :  a  sandy 
silt  colluvium  at  the  base  (III),  a  main  middle  unit  of  silt 
colluvia  (II)  and  a  sandy  colluvium  at  the  top  (I). 

The  sandy  silt  colluvia  (III  and  I)  are  considered  to 
originate  from  the  experimental  field.  The  lower  slope 
colluvium  (III)  is  dated  between  the  10th  to  the  12th 
century  (‘•'C-date)  and  1526  when  a  coppice  occupied  already 
the  steep  slope  of  the  experimental  field.  These  colluvia, 
about  1  m  thick  are  deposited  on  a  slope. of  .20  .  •  '  .  • 

The  upper  sandy  silt  colluvium  (I),  about  1  m  thick,  showing 
only  very  locally  lamination,  is  partly  a  fan-like  deposit 
on  a  flat  valley-bottom.  Most  of  these  deposits  are  ‘"’’'Cs 
dated  to  be  younger  than  1954  (by  B.  Campbell,  Australian 
Atomic  Energy  Comission,  see  tab.  II. 9). 

The  main  sedimentological  characteristics  of  the  middle  silt 
colluvium  unit  (II),  more  than  4  m  thick,  is  its  horizontal 
and  inclined  lamination.  These  deposits  fill  up  the  valley 
bottom  and  are  considered  to  originate  from  tTre  Hof  ten 
Bosch  catchment.  Only  the  upper  part  of  this  unit  shows 
clear  mi cromorpho logical  evidence  of  a  stable  vegetation. 
This  observation  is  corroborated  by  palynological 
investigations  (by  A.V.  Munaut ,  University  Catholigue  de 
Louvain,  Belgium) .  The  local  environment  during  the 
deposition  of  the  lower  and  middle  colluvia  is  dominated  by 
Dyopteris,  grasses  and  Composites,  practically  without 
Cereals,  and  a  coppice  vegetation. 


I.  San<ty  silt  colluvium  origin^ng  from  the  eiperiinental  field  and 
mostly  deposited  since  1950  (137  Cs-date,  Atomic  Energy  Comission) 

11.  Silt  colluvium  originated  front  the  experimental  field  as  well  as 
from  other  fields  in  the  Hof  ten  Bosch  catchment 

III.  Sandy  silt  colluvium  originated  from  the  experimental  field. 

The  base  is  dated  at  920  BP  *  65 

IV.  Welchselian  silt  deposits  with  truncated  Holocene  soil  on  top 


Fig.  11.27  Section  of  the  colluvium  at  the  base  of  the 
experimental  field 
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Grain  size  characteristics  of  t*he  colluvium 


Sample  depth 


137 


Cs  (mi  I Itbequerels 


per  gram) 


0.5 

5-10 

10-15 

15-20 

20-25 

25-30 

35-'«0 

40-45 

45-50 

50-55 

55-60 

60-65 

65-70 

70-75 


6.7  ♦  0.5 
5.9  4  0.4 

5.4  4  0.6 
5.9  +  0.4 
6.0  4  0.4 
5.6  4  0.4 

9.4  4  0.6 
9.0  4  0.6 
8.2  ♦  0.6 
6.1  4  0.5 
2.0  V  0.3 
0.4  4  0.4 
0.0  4  0.3 
0.0  4  0.4 


Analytical  uncertainties  cover  the  range  0-1  m&q/g  end  therefore 
teak  measured  137.  is  present  in  suil  down  to  M  cm 

cs  I  yj 

In  stable  soil  profiles  Cs  is  distributed  exponentially  from  the 
the  surface  down  to  about  10  cm.  Therefore  the  layer  from  50  to  60 
cm  should  be  regarded  as  the  original  ground  surface  before  receiving 
the  modern  colluvium.  There  is  therefore  a  layer  of  modern  colluvial 
sediments  50  cm  thick. 


^^^Cs  activity  as  a  function  of  depth  In  the 
colluviuxi 


Tab.  II. 9 


The  top  part  of  unit  11.  situated  at  a  depth  of  about  60  cm. 
is  considered  to  be  the  surface  of  the  coppice,  where 
pasture  was  a  common  phenomenon.  This  coppice  has  occupied 
the  area  till  1650.  as  indicated  on  historical  maps.  These 
observations  indicate  that  colluviation  on  the  experimental 
field  was  extremely  limited  in  the  period  1850-1950  in  spite 
of  the  fact  that  it  was  continuously  arable  land  since  1860. 
Since  about  1950  soil  erosion  increased  dramatically  on  this 
parcel . 

The  results  of  the  micromorpho logical  study  of  the  upper  1.5 
m  of  the  colluvium  are  synthesized  in  fig.  11.28. 

The  deposit  can  be  divided  into  an  upper  (0-54  cm) .  almost 
unlaminated  deposit  1.  and  a  lower  (54-150  cm),  mainly  well 
or  diffusely  laminated  deposit  11.  According  to  ‘=*’'Ca 
measurements  the  upper  54  cm  were  deposited  after  1954.  The 
difference  in  sedimentary  structure  might  indicate  a 
different  mode  of  formation  of  the  deposit  after  1954.  or 
that  the  original  structure,  identical  with  that  of  the 
lower  part,  has  largely  disappeared  during  the  last  30  years 
as  a  result  of  different  management. 

The  lamination  in  the  lower  part  II  is  horizontal  or 
inclined  (16-27*  ).  The  inclined  lamination  could  belong  to 
deposits  of  detrital  loessic  material  of  buried  alluvial 
fans,  as  formed  mainly  by  rain-wash  today  at  the  end  of 
gullies  or  rills. 

The  horizontal  lamination  suggests  on  the  contrary  that 
deposition  is  mainly  by  afterflow  in  a  more  calm 
environment,  alternating  with  periods  of  nondeposition.  The 
in  situ  mud-crust  fragment  in  thin  section  0.521  is  in 
agreement  with  this  hypothesis. 

.Soil  .development  in  deposit-  1  .is  very  wealt.  showing 
Fluvisol-like  soi Is;  witlv  little^  biological  activity  and 
almost  no  illuviation  phenomena.'  Field  characteristics  in 
combination  with  the  observed  sedimentary  and  pedological 
features  suggest  two  main  Fluvisol-1  il'.e  soil  formations, 
consisting  of  a  soil  with  Ap-  Cl-  C2  horizons,  and  a  soil 
with  a  Ap  horizon,  respectively. 

The  lower  deposit  II  shows  in  comparison  with  deposit  I 
stronger  soil  formation.  Mainly  based  on  the  alternation  of 
horizons  with  clear  and  diffuse  lamination,  biological 
activity  and  illuviation  phenomena  the  deposit  could  be 
divided  in  three  main  periods  of  Cambi8ol-li)<e  soil 
formations,  each  composed  of  an  Ap  and  (B)  horizon.  The  most 
upper  one  is  most  strongly  developed,  showing  even  some 
normal  yellow  illuviation  ferri argil  Ians,  characteristic  of 
a  Bt  horizon  of  Chromic  Luvisol  formed  in  a  temperate 
climate  under  deciduous  forest. 

Deposit  I  resembles  in  structure  ard  soil  formation  largely 


Fi|.  11.28  Visual  approximation  of  the  frequency  of  microrrwphological  featixes  m 
anthropogenic  cofk/via  at  the  Multfenberg  experimental  plot.  Belgium 
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Estloation  of  total  erosion  and  colluvlation 
since  agricultural  practices 


E.  PAULISSEN  AND  P.  DESMET 


DRAINAGE  BASIN  AREA;  1.1  ka’ 


DEFORESTATION  TIME  :  in  the  period  1020-1 190  AD  (C-14  :  920  +  65  BP) 


GENERAL  SLOPE  CHARACTER ISTI(S  SINCE  AGRICULTURAL  PRACTICES 

Erosion  and  colluviation  amounts  are  based  on  truncated  soil  horizons 
Top  of  calcareous  loess  under  Holocene  soil  is  situated  at  a  depth  of 
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DELIVERY  RATIOS  SINCE  AGRICULTURAL  PRACTICES  in  the  Huldenberg  catch 

Plateau  and  slopes;  40-45  % 
the  catchment  :  20-25  % 


Fig.  11.29  Se4i«ent  budget  of  the  Hof  ten  Bosch  catchaent 


th«  "recent"  loeas-derived  anthropogenic  colluvia  in  Dutch 
southern  Limhourg.  whereas  deposit  II  shows  a  large 
resemblance  only  pedogenetical ly  with  the  "old"  loess- 
derived  anthropogenic  colluvia  in  The  Netherlands,  in  which 
distinct  laminations  are  almost  lacking. 

9.  Historical  erosion  and  colluviation  in  the  Hof  ten  Bosch 
catchment 


a. General  characteristics  of  the  catchment 

-  drainage  area  :  1.1  knf* 

-  assymetrical  cover  of  loess  :  thick  loess  cover  on  the 
north-facing  slopes,  thin  cover  on  the  south-facing  slopes, 
variable  on  the  plateau  remnants. 

-  Soil  type  :  gray-brown  podzolic  soil,  or  alfisol. 

Typical  soils  on  loess  :  hapludalf 
Degraded  soils  on  loess  :  glossidalf 

-  Top  of  calcareous  loess  is  at  2.6  m  depth  on  non-eroded 
sites 

-  Calculation  of  erosion  and  colluviation  budgets  are  based 
on  about  450  borings,  arranged  in  catenas.  All  sections  were 
leveled.  The  thickness  of  colluvial  deposits  was  measured 
directly.  The  amount  of  total  erosion  was  calculated  by 
comparing  the  actual  truncated  soil  profile  with  the 
thickness  of  the  different  horizons  of  the  original  soil 
profile.  The  top  of  the  calcareous  loess  was  considered  to 
be  a  reference  level. 

b.  Age  of  deforestation 

Charcoal,  from. a  layer  burned  in  situ  at  the  very  base  of  a  6 
m  thick  colluvial  deposit-  was  radiocarbon  dated  at  920  BP 
+/-  65.  This  means  that  deforestation  has  to  be  placed 
somewhere  in  the  period  1020-1190  AD.  Colluvial  deposits, 
prior  tot  this  deforestation  were  not  recovered  in  the  Hof 
ten  Bosch  catchment. 

c.  Historical  evolution  of  land  use 

The  historical  evolution  of  the  land  use  in  this  catchment 
is  well  documented  as  nearly  all  the  land  belonged  to  the 
Hof  ten  Bosch  farm.  Precise  maps  exist  from  1526  on.  The 
main  information  is  presented  in  fig.  II. 1  and  II. 2.  Since 
1526  the  steep  south-facing  slopes  as  well  as  the  slope 
opposite  to  the  experimental  field  were  covered  with  forest 
for  three  centuries  or  more.  The  rest  of  the  land  was 
probably  permanently  arable  land  since  deforestation. 


The  bore  data  prove  that  a  deep  incision  occured  in  the 
valley  bottom  before  deforestation.  A  hydromorphic  soil  in 
the  bottom  of  this  incision  indicates  a  humid  environment. 
The  larger  valleys  in  the  forests  of  Middle  Belgium  have 
still  the  same  characteristics. 

e.  Total  erosion  and  colluviation  since  deforestation 

Main  observations  and  conclusions  are  given  in  fig.  11.29. 
Generally  total  erosion  rate  increases  from  the  plateau 
towards  the  valley  bottom.  In  the  basal  concavities,  erosion 
down  to  the  calcareous  loess  (which  means  more  than  2.6  m) , 
is  not  rare.  Mean  depths  of  erosion  are  : 

-  on  the  plateau  spurs  :  0.9  m 

-  on  the  slopes  :  1.7  m 

-  in  the  valley  bottom  -.  not  evaluated  due  to  the  absence  of 
reference  points 


Averaging  over  the  basin,  the  mean  erosion  depth  is 
calculated  as  1.3  m.  The  mean  thickness  of  colluvial 
deposits,  which  are  always  on  top  of  truncated  soil 
horizons,  is  2.9  m  in  the  valley,  1.0  m  on  the  slopes  and 
0.5  m  on  the  plateau  spurs.  Colluvial  deposits  on  the  slopes 
are  widespread  and  were  even  observed  on  slopes  of  15  *. 
Further  attention  has  to  be  paid  to  the  role  of  man.  Indeed, 
man  may  have  induced  colluviation  to  recover  exposed  gravel 
deposits  with  silt  loam. 


III.  THE  MOREELS  FARM  :  EROSION  CONTROL  BY  NO-TILLAGE 
(J.  De  Ploey,  G.  Covers,  H.  Mflcher.  J.  Poesen) 

1 .Perspectives  for  erosion  control.  An  option  for  no- 
tilleae. 

There  is  no  feasible  planning  possible  in  this  field  without 
taking  into  account  the  whole  complexity  of  physical, 
technical  and  socio-econtxnic  constraints  which  govern  modern 
agriculture . 

It  is  clear  that  reforestation  could  largely  eliminate  soil 
erosion  in  northwestern  Europe  on  several  hundred  thousands 
of  ha  with  critical  slope  angles  above  4-5  %.  But  such  an 
operation  seems  rather  unfeasible  from  a  socio-economic 
point  of  view,  considering  also  the  high  natural  fertility 
of  the  loess  loam  areas. 

Efficient  erosion  control  would  also  result  from  turning 
critical  arable  landinto  pasture.  A  rough  estimate  learns 
that  such  a  change  in  land  use  in  Belgium  would  already 
involve  at  least  100000  ha.  It  would  also  increase  the 
overproduction  of  moat  and  dairy  products  within  the  EEC 
which  costs  the  Community  more  than  overproduction  of 
cereals  or  sugar  beets.  To  be  efficient,  grass-land  should 
be  established  on  critical  slope  segments,  sometimes  far 
from  the  farmstead,  whereas  today  it  is  concentrated  in 
house  pastures.  The  whole  operation  would  be  opposite  to 
the  evolution  of  the  last  decade  in  which  there  was  a 
decrease  in  the  loamy  belt  of  permanent  pasture  land  but  an 
increase  of  cattle-density  (Van  Hecke,  1976).  The  operation 
would  imply  an  important  investment  for  farmers  who  have 
always  concentrated  on  agriculture  and  who  will  not  decide 
spontaneously  to  change. 

As  explained,  rill  erosion  is  very  imminent  90  fields  .with  a 
maximum  slope  angle  exceeding  4-5  %.  as  indicated  by  a 
regional  survey  whereby  90  fields  were  visited  yearly  during 
springtime  for  three  years  (fig.  III.I).  They  develop  over 
very  short  distances.  Fairly  rapidly  they  may  become  heavily 
loaded  and  colluviation  can  start  as  soon  as  the  transport 
capacity  of  the  flow  is  locally  reduced.  Therefore  one  may 
be  very  sceptical  about  the  efficiency  of  strip  cropping  or 
the  introduction  of  grassed  waterways:  the  closely  grown, 
erosion-resistant  strips  will  be  quickly  buried  under 
colluvial  deposits.  On  the  other  hand  it  is  not  certain  that 
slope  segmentation  will  significantly  reduce  erosion  rates 
on  the  tilled  areas  :  no  clear  relationship  exists  between 
field  length  and  the  mean  rill  erosion  rate  (fig.  I II. 2). 
Moreover  these  systems  may  hamper  tillage  and  may  imply  an 
evolution  toward  mixed  farming,  posing  financial  problems 
for  farmers  and  for  the  EEC. 

One  may  also  consider  different  mechanical  interventions. 
It  may  be  benefical  to  prepare  seedbeds  as  coarsely  as 
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possible  in  order  to  retard  sealing  and  crusting 
(Noldenhauer.  1970).  However,  the  crustability  of  most  loamy 
topsoils  in  northwestern  Europe  is  so  high  that  runoff  (and 
erosion)  can  occur  even  one  or  two  months  after  seeding  (De 
Ploey,  1981). 

Contour  tillage  is  an  effective  measure  on  slopes  below  4  %. 
But  it  is  a  risky  technique  on  steeper  slopes  where  it  may 
promote  gullying  as  water,  after  spilling  from  degraded 
furrows,  is  concentrated  along  a  few  slope  lines.  Striking 
examples  of  this  phenomenon  have  been  observed  at  the  pilot 
farm  in  Huldenberg,  near  Brussels. 

The  remaining  colluvial  terraces  in  the  loess  belts  have 
ambivalent  effects  with  respect  to  erosion  control.  Special 
attention  will  have  to  be  paid  to  processes  of  pipe-erosion 
which  have  been  underestimated  hitherto  and  which  are 
currently  activated  by  high  runoff  production  on  adjoining 
fields,  the  length  (and  slope)  of  which  increased  often 
during  the  last  decades.  For  the  same  reasons  the  erosion 
resistance  of  new  terraces,  constructed  with  highly  erodible 
silt  loams,  is  questionable.  They  also  may  hamper  tillage 
operations . 

It  is  clear  that  erosion  control  can  be  promoted  by 
increasing  infiltration  rates  of  the  soils  and  reducing 
runoff  yields.  However,  structural  stability  of  most 
topsoils  in  this  region  is  at  present  very  low  and  far 
insufficient  to  prevent  runoff  generation  (fig.  III. 3).  On 
only  very  few  fields,  aggregate  stability  is  high  enough  to 
prevent  runoff  generation  and  rilling.  Thus,  aggregate 
stability  of  the  topsoil  would  have  to  be  (re) establ ished  by 
applying  organic  manure  provided  they  really  contribute  to  a 
strong  structurization  of  topsoils.  It  is  questionable 
whether  this  can  be  achieved  without  turning  the  land  into 
pasture, at  l.east  for  a  certain  period. 

Most  encouraging  ‘are  the  reports  about  conservation  tillage 
for  erosion  control  in  the  United  States  (Noldenhauer  et 
al.,1983).  If.  during  the  next  decades,  cropping  patterns 
and  crop  rotations  remain  the  same  in  the  European  loess 
areas  then  it  would  be  worthwhile  to  devote  experiments  to 
these  practices,  including  no-till.  No-tillage  has  the 

advantage  of  combining  the  beneficial  effects  of  a  partial 
vegetation  cover  with  an  increased  erosion  resistance  due  to 
soil  compaction.  Survey  data  on  rill  erosion  rates  in  this 
region  show  that  fields  are  efficiently  protected  during 
wintertime  if  the  near-ground  vegetation  cover  exceeds  40 
(fig.  III. 4).  Furhtermore.  the  results  showed  that  rill 
erosion  rates  were  significantly  lower  on  maize  and  chicory 
fields,  which  remained  compact  after  harvest  than  on  winter 
wheat  fields  (tab.  1 1 1. 2). 
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observation  period  /  C0NVE>fTI0NAL  TILUCE  N0~TILLaCE  BARE  AND  COWACrTED  PLOT  (*) 

RAINFALL  VOLCME  (on)  FIRST  YEAR  SECOND  YEAR  FIRST  YEAR  SECOND  YEAR 


08/10/86  -  24/10/86 

♦  84 

0.94  (**) 

(0.48. n-lO)  (»**) 

0.54 

(0.19.n-8) 

0.01 

(n-2) 

0.62 

(0.50.n-3) 

24/10/86  -  24/11/86 

t 

0.26 

*(0.07sn-93 

0.32 

(0.12.n-9> 

0.16 

{n-2) 

0.85 

(0.2.n-5) 

0.44 

(0. 16.n-3) 

24/11/86  -  U/02/87 

♦  158 

0.62 

(0.26.n-7) 

0.36 

(0. 16,n»9) 

0.17 

(n-1 ) 

1.28 

(0.59,n-4) 

0.41 

(0.07. n-3) 

11/02/87  -  25/04/87 

♦  164 

0.32 

(O.lO.n-lO) 

0.29 

(0.11. n-8) 

- 

0.97 

(0.53.n-5) 

- 

(*)  :  ■  clipped  plots  located  in  the  no-cill  fields: 

(*«)  ;  data  are  corrected  for  cup  diameter  effect  and  are  expressed  in  kg  a 

(***)  :  standard  deviation  and  number  of  observations  respectively. 
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FINALLY  COMBATING  fTRUCTURAL  DEGRADATION  AND  SOIL  LOSS  MUST 
REST  ON  TWO  PILLARS 

1.  improvement  and  stabilization  of  the  aggregate  structure 
of  the  topsoi  1 

2.  better  and  continuous  soil  coverage,  by  mulching  and  by 
the  use  of  minimal  tillage  technique.  Future  experiments 
will  have  to  demonstrate  the  degree  to  which  these 
techniques  are  efficient  and  acceptable  by  farmers. 
Moreover,  suppose  a  limited  production  loss  occurs.  This 
would  reduce  the  production  of  surplusses.  It  means  that 
financial  compensation  could  be  released  from  the  EC  in 
order  to  compensate  for  a  supposed  decreased  production, 
resulting  from  a  conservation  technique. 

The  application  of  a  new  technique  must  satisfy  at  least  two 
conditions:  it  must  be  equally  attractive  economically  and 
it  must  be  psychologically  reconci 1 iable  with  the  value 
system  of  the  farmer.  The  involvement  of  innovative  farmers 
is  the  key  for  success. 

Reduced  tillage  is  a  proven  method  of  greatly  reducing 
erosion  problems.  This  is  certainly  the  case  for  NO-TILL 
which  lowers  considerably  the  erodibility  of  the  topsoil 
which  remains  fairly  compact  and  protected  by  stubble.  A 
first  prototype  of  no-tlll  planter,  adapted  to  the  very 
silty  loams,  and  since  1987  a  second  prototype  have  been 
conceived  in  collaboration  whith  the  VVV-factory  in  Vossem- 
Tervuren. 

The  first  experiment  on  a  100  ha  farm  in  Huldenberg  was 
realized  in  1985-86.  Last  year  3  farmers  applied  no-till  on 
2.6  ha.  Last  October  5  farmers  planted  winter  barley 
directly  into  the  winter  wheat  stubble  of  the  foregoing 
harvest.  For  this  year  we  are  expecting  no-t 1 1 1  results  on 
about  10  ha.  ’  ‘  ‘  ■ 

Although  concerning  a  limited  number  of  testa  the  results 
yet  obtained  are  fairly  promising  ; 

1.  On  the  no-till  parcels  rill  erosion  is  nearly  completely 
eliminated  (tab.  III. 4).  The  protective  effect  of  no-tillage 
is  great  enough  to  protect  also  thalwegs  of  small  zero-order 
cathments.  Splash  detachment  also  decreases  (fig.  1 1 1. 3), 
mainly  due  to  the  mulch  effect  and  to  a  lesser  extent  due  to 
compaction . 

2.  No-tillage  has  also  some  hydrological  effects  soil 
moisture  content  variations  and  amounts  are  similar  under 
no-till  and  conventional  till  conditions  (fig.  III. 6). 
However,  throughf low  in  the  plow  layer  can  correspond  to 
several  hundreds  of  liters  per  meter  and  per  year  on  a 
conventionally  tilled  field,  but  it  is  virtually  absent 
under  no-tillage  (fig.  1 1 1. 7  and  1 1 1. 8).  The  scarce  data  on 


runoff  generation  indicate  that  runoff  production  on  no-till 
is  of  the  same  order  of  magnitude  than  on  conventional  till. 

3.  Soil  physical  properties  do  change  significantly  ;  bulk 
density  and  penetration  resistance  in  the  plow  layer  is 
significantly  higher  on  no-till,  especially  just  after 
planting  (fig.  Ill.Sa-b  and  111.6).  Differences  diminish 
considerably  during  winter  time  (freeze-thaw  cycles) .  There 
are  clear  differences  in  total  porosity  as  well  as  in  pore 
types  between  no-tillage  and  conventional  tillage  (see  text 
below) . 

4.  Cereal  production  was  equal  or  superior  to  the  one  on 
reference  parcels  with  conventional  tillage. 

5.  Hitherto  there  have  been  no  indications  of  specific 
diseases.  Weed  control  with  herbicides  was  the  same  as  for 
conventional  tillage. 

It  has  to  be  stressed  that  during  heavy  rainstorms  runoff 
production  on  the  no-till  parcels  is  important.  So  we  may 
expect  a  downstream  (linear)  concentration  of  erosive  flows 
if  one  day  no-tillage  would  break  through.  But  in  that  case 
water  control  works  on  the  roads  and  in  the  villages  would 
become  meaningful  for  s  Iting  up  would  still  be  much  less 
catastrophic  than  it  is  today. 

2.  Micromorpholoqical  comparison  of  the  c/f  related 
distribution  and  porosity  under  conventianal  tillage  (C.T.) 
and  no-tillage  (N.T.).  after  one  year 

a.  Introduction 


To  compare  the  structural  development  under  C.T.  and  N.T. 
after  one  year  undisturbed  samples  for  thin  sectioning  were 
taken  in  the  middle  of  the  Ap  horizon,  at  a  depth  between 
ca.  11  and"  17  cm.  and  from'the  transitional  zone  between  the 
Ap  horizon  and  the  substratum  (silt  loam  colluvium)  at  a 
depth  of  ca.  26-32  cm. 

The  experimental  plots  are  located  in  the  loess  region  near 
Huldenberg.  Belgium.  The  N.T. -plot  has  been  used  as 
conventionally  tilled  farm  land  in  the  past. 

The  concept  of  the  c/f  related  distribution  has  been  used  to 
characterise  the  composition  of  soil  materials.  The  c/f 
concept  stands  for  "coarse  versus  finer".  In  this  case  the 
limit  between  coarse  and  fine  material  is  situated  at  20  yim. 
Stoops  and  Jongerius  (1975)  defined  it  as  follows  :  "The  c/f 
related  distribution  expresses  the  distribution  of 
individual  particles  in  relation  to  fine  material  and 
associated  voids  not  included  in  the  particles". 


Field  experiments  over  a  relatively  long  period  (21  years) 
showed  that  between  years  1  and  5  total  porosity  (>  50  ^im) 


decreased  under  N.T.  and  then  increased  rapidly  between 
years  5  to  9 ,  and  remained  somewhat  constant  afterwards,  in 
comparison  with  C.T  (Norton  and  Schroeder,  1987) . 

Shipitalo  and  Protz  (1987)  reported  that  the  macroporosity 
(>  200  jm)  in  Ap  horizons  is  ca.  50  lower  in  N.T.  plots 
than  in  C.T.  plots.  At  the  same  time  the  bioporosity 
increased  more  in  the  N.T.  soil  than  in  the  C.T.  pedon 
(Norton  and  Schroeder.  1987.  Shipitalo  and  Protz.  1987) . 

Micromorphometric  analyses  of  Paglai  et  al.  (1983)  indicated 
that  total  porosity  was  significantly  higher  at  all  sampling 
times  in  C.T.  plots  than  in  N.T.  plots.  However,  the 
proportion  of  pores  ranging  from  30-500  ^om,  which  they 
considered  as  the  most  important,  both  in  soil-water-plant 
relationships  as  in  maintaining  a  good  soil  structure,  was 
higher  in  N.T.  plots.  Paglai  et  al.  (1983)  ascribed  the 
occurrence  of  this  pore  size  class  to  a  higher  faunal 
activity  in  the  N.T.  plots. 

In  the  light  of  the  preceding  the  micromorphological 
investigations  are  focussed  on  the  comparison  of  total 
porosity,  pore  size  distribution  (classes  :  micropores  <  100 
mesopores  100-500  /im  and  macropores  >  500  ^pm)  and  void 
types  (vughs,  channels  and  planes) .  Channels  are  rounded 
pores  caused  by  faunal  and  floral  activity.  Vughs  are  mostly 
irregular  voids.  Their  mode  of  formation  is  not  clear.  They 
are  the  result  of  a  complex  packing  of  compound  particles. 
The  nature  of  this  packing  is  conditioned  by  the  degree  of 
adhesion  and  attraction  between  particles  (Brewer,  196).  One 
type,  so-called  mammilated  vughs,  is  the  direct  result  of 
faunal  activity.  They  consitt  of  relativley  sharp 
protuberances.  Planes  or  cracks  origninate  through  shrinking 
and  swelling  during  wetting  and  drying.  However,  this  type 
of  voids  is  relatively  rare  in  silt  loam  deposits. 

The  various  components  of  the-  soils  are  estimated  in 
percentages  by  volume  with  a  polarization  microscope  by 
point  counting  in  thin  sections,  usin  a  Leitz-Blaschke 
ocular.  In  each  thin  section  200  points  are  conted  on  six 
horizontla  lines.  The  distance  with  depth  between  the  lines 
is  approximately  12  mm.  The  counted  lineds  are  indicated  in 
the  figures  by  horizontal  dashes  on  the  vertical. 

b. Results 


The  c/fzo  related  distribution  shows  after  one  year  of  no¬ 
tillage  only  minor  differences  (Fig.  111.9  a  and  b) .  Total 
porosity  (>  20  ^iim)  under  N.T.  is  slightly  increased  in  the 
the  middle  part  of  the  Ap  horizon  and  in  the  zone  around  the 
weakly  developed  plough  pan  in  comparison  with  the  C.T. 
plot . 

The  distribution  with  depth  of  channels  and  vughs  shows 
larger  differences  between  N.T.  and  C.T.  (Fig.  II. 10).  The 


runoff  generation  indicate  that  runoff  production  on  no-till 
is  of  the  same  order  of  magnitude  than  on  conventional  till. 

3.  Soil  physical  properties  do  change  significantly  :  bulk 
density  and  penetration  resistance  in  the  plow  layer  is 
significantly  higher  on  no-till,  especially  just  after 
planting  (fig.  Ill.Sa-band  III. 6).  Differences  diminish 
considerably  during  winter  time  (freeze-thaw  cycles) .  There 
are  clear  differences  in  total  porosity  as  well  as  in  pore 
types  between  no-tillage  and  conventional  tillage  (see  text 
below) . 

4.  Cereal  production  was  equal  or  superior  to  the  one  on 
reference  parcels  with  conventional  tillage. 

5.  Hitherto  there  have  been  no  indications  of  specific 
diseases.  Weed  control  with  herbicides  was  the  same  as  for 
conventional  tillage. 

It  has  to  be  stressed  that  during  heavy  rainstorms  runoff 
production  on  the  no-till  parcels  is  important.  So  we  may 
expect  a  downstream  (linear)  concentration  of  erosive  flows 
if  one  day  no-tillage  would  break  through.  But  in  that  case 
water  control  works  on  the  roads  and  in  the  villages  would 
become  meaningful  for  silting  up  would  still  be  much  less 
catastrophic  than  it  is  today. 

2.  Mi cromorpho logical  comparison  of  the  c/f  related 
distribution  and  porositv  under  conventianal  tillage  (C.T.) 
and  no-tillage  (N.T.).  after  one  year 

a.  Introduction 


To  compare  the  structural  development  under  C.T.  and  N.T. 
after  one  year  undisturbed  samples  for  thin  sectioning  were 
taken  in  the  middle  of  the  Ap  horizon,  at  a  depth  between 
ca.  11  and  17  cm.  and  from  the ’transitional  zone  between  the 
Ap  horizon  and  the  substratum  (silt  loam ’col luvium)  at  a 
depth  of  ca.  26-32  cm. 

The  experimental  Plots  are  located  in  the  loess  region  near 
Huldenberg,  Belgium.  The  N.T. -plot  has  been  used  as 
conventionally  tilled  farm  land  in  the  past. 

The  concept  of  the  c/f  related  distribution  has  been  used  to 
characterise  the  composition  of  soil  materials.  The  c/f 
concept  stands  for  "coarse  versus  finer".  In  this  case  the 
limit  between  coarse  and  fine  material  is  situated  at  20  pm. 
Stoops  and  Jongerius  (1975)  defined  it  as  follows  :  "The  c/f 
related  distribution  expresses  the  distribution  of 
individual  particles  in  relation  to  fine  material  and 
associated  voids  not  included  in  the  particles". 

Field  experiments  over  a  relatively  long  period  (21  years) 
showed  that  between  years  1  and  5  total  porosity  (>  50  pm) 
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Fig>  III. 10  Distrubution  of  channels,  vughs  and  planes  with  depth  in 
conventionally  tilled  soils  and  in  no-till  soils  after 


one  year 
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IV.  THE  ORMENDAEL  CATCHMENT 
(J.  Poesen) 

In  the  Belgian  Loam  Region,  gully  headcuts  often  form  near 
sunken  roads  or  abrupts  where  overland  flow  tends  to 
concentrate  (fig.  IV.l).  A  limited  survey  and  inquiry  among 
farmes  indicates  that  pipihg  ’  due  to  •  animal  acti.vity  is  an 
important  factor  in  their  genesis.  At  Ormendael  (Korbe’ek- 
Dij  le) ,  a  gully  head  has  recently  been  selected  for  testing 
conservation  measures  i.e.  a  porous  check  dam,  constructed 
using  loose  rock  (angular  sandstone  of  from  the  Neerijse 
quarry)  and  willow  staking. 


Ap  horizon  contains  under  C.T.  more  channels  than  under 
N.T.,  with  exception  of  the  zone  above  the  plough  pan,  where 
the  biological  activity  is  higher  under  N.T. 

The  percentages  of  vughs  are  higher  in  the  Ap  horizon  of  the 
N.T.  plot  than  in  the  C.T.  plot,  which  is  partly  due  to  the 
occurrence  of  mammilated  vughs.  The  percentages  by  volume  of 
planes  are  only  sligthly  higher  in  the  N.T.  than  in  the  C.T. 
plots,  but  are  in  common  very  low  (<  4  %) . 

The  channel  diameter  in  N.T.  plots  falls  mainly  in  these  of 
the  meso  pores  (100-500  microns)  whereas  in  C.T.  plots 
besides  meso  channels  occcasional ly  also  macro  channels  are 
observed  in  the  Ap  horizon.  The  percentages  of  meso  and 
macro  channels  are  higher  in  C.T.  than  in  N.T. .  This  is  not 
in  agreement  with  the  results  of  e.g.  Paglai  et  al.  (1983). 

The  size  distribution  of  vughs  into  three  size  classes  is 
based  on  100  %  and  illustrated  in  Fig.  111.11.  which  shows 
that  under  N.T.  mainly  the  micro  vughs  decreased  in  the  Ap 
horizon  and  secondly  the  meso  vughs  in  comparison  with  the 
C.T.  plot,  whereas  the  macro  vughs  under  N.T.  are  increased 
after  one  year,  mainly  in  the  middle  part  of  the  Ap  horizon. 
This  increase  in  macro  vughs  under  N.T.  is  mainly  the  result 
of  the  occurrence  of  faunal  mammillated  vughs  in  the  Ap 
horizon . 

c.  Conclusions 


1.  The  porosity  under  N.T.  after  one  year  has  been  increased 
only  slightly  in  the  middle  part  of  the  Ap  horizon  and  in 
the  top  of  the  substratum  material,  which  is  mainly  due  to 
an  increase  of  (mammillated  vughs). 

2.  In  N.T.  plots,  macro  channels  are  almost  absent  after  one 

year.  .  . 

3.  In  N.T.  plots  the  increase  in  macro  vughs  is  mainly  due 
to  faunal  activity.  The  devrease  in  micro  and  meso  vughs  is 
probably  the  result  of  compaction  by  structural  collapse  and 
sett  ling. 

4.  The  weakly  developed  plough  pan  characterised  by  a 
domination  of  micro  vughs  in  C.T.  plots  is  reduced  under 
N.T.  after  one  year  by  the  increase  of  channels, 
(mammillated)  vughs  and  planes. 
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LUXEMBOURG  EXCURSION  -  1st  May  1988 


I .  General  information 

The  field  excursion  site  is  situated  in  the  centre  of  Luxembourg,  between 
Diekirch  and  Larochette,  directly  south  of  the  Sure  river,  which  is  a 
tributary  of  the  Mosel  (see  fig.  1).  The  research  area  is  called  "Gutland"; 
it  is  known  for  its  relatively  good  farming  soils. 

In  this  area  research  has  been  carried  out  by  the  University  of  Amsterdam 
since  the  1970 ‘s,  and  resulted  in  many  reports  and  papers  (see  list). 


The  geology  of  the  area  is  dominated  by  sedimentary  Mesozoic  strata , 
gently  dipping  to  the  S  and  belonging  to  the  Paris  Basin.  Three  main  form¬ 
ations  can  be  distinguished  in  the  area:  the  Keuper  Formation,  the  Psilonoten 
Marl  Formation,  both  Triassic,  and  the  Luxembourg  Sandstone  Formation  (Jurassic) 
the  latter  forming  a  distinct  cuesta  all  over  the  area  at  the  border  of  its 
occurrence  (see  fig.  2).  It  is  in  the  upper  series  of  the  Keuper:  the  Stein- 
mergel  Keuper  area,  where  the  excursion  site  is  situated.  This  formation 
occupies  a  large  area  and  has  a  rolling  topography  with  broad  flat  water¬ 
sheds  and  gentle  slopes  of  up  to  5-10“,  except  for  the  river  incisions 
which  can  be  much  steeper. 

The  Steinmergel  Keuper  strata  are  formed  by  variegated  soft  marls  with 
intercalations  of  thin  stony  banks  of  marls  and  dolomites .  Outcrops  only 
occur  at  the  stream  incisions.  Almost  no  deep  percolation  of  water  occurs 
and  atmospheric  water  is  drained  by  subsurface  flow  or  saturated  overland 
flow  in  the  streams  and  artificial  ditches,  and  has  a  very  short  residence 
time  in  the  soil . 

Luxembourg  has  a  humid  temperate  climate  with  rain  all  through  the  year, 
with  a  mean  annual  precipitation  of  785  mm. 
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Fig.  IB.  Drainage  pattern  of  the  Schrondweilerbaach  catchment 
with  excursion  routes.  For  location  see  fig.  I. 


Table  1 .  Lithostratigraphical  column  through  the  Rhaetien  and 
Keupet  in  Luxen4)Ourg  (after  Lucius,  1948) 
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Fig.  3.  Geological  map  of  the  research  catchment 


(based  on  map  sheet  6,  Diekirch, 

Service  G^ologique  de  Luxembourg,  1949) 
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Holocene  landscape  evolution  in  the  research  catchment 

The  Keuper  landscape  is  characterised  by  slightly  convex  hillslopes 
and  deeply  incised  valleys  with  meandering  streams.  As  a  result  if  differ¬ 
ential  weathering  and  slope  processes,  valley  slope  angles  differ  somewhat 
according  to  the  lithology.  Slope  angles  range  from  I'-S”  for  slopes  in 
the  Steinmergelkeuper  and  from  2“ -8“  for  slopes  in  the  other  two  geological 
series.  The  slopes  are  slightly  convex,  often  with  concave  lower  ends  and 
exhibit  a  micro-topography  of  shallow  depressions  up  to  15  m  in  diameter 
and  ridges  with  differences  in  altitude  of  at  the  most  1  to  2  metres.  These 
depressions  play  an  important  role  in  runoff  generation  and  sediment 
production .  At  the  lower  end  of  the  valley  slopes  colluvial  deposits  are 
present.  The  lateral  extent  of  these  deposits  is  limited  to  about  5-15  m 
while  their  maximum  thickness  is  about  0.8  m.  This  means  that  the  total 
volume  of  deposited  material  is  rather  small,  which  is  in  agreement  with 
the  fact  that  no  truncation  of  the  soil  profile  has  been  observed  upslope . 
It  may  then  be  assumed  that  soil  development  and  soil  erosion  are  more  or 
less  in  equilibrium. 

Poeteray  et  al .  (1984)  calculated  the  rates  of  surface  lowering  of 
Steinmergelkeuper -underlain  areas  from  "Mardell-trapped  material  during 
the  Sub-Atlanticum" . (Mardels  are  common  oval  or  round  closed  depressions 
on  the  broad  watersheds  of  the  Keuper  regions)  .  From  palynological  studies 
of  the  trapped  sediments  (see  fig.  4)  in  the  depressions  they  concluded 
that  the  accumulation  rates  varied  between  0.4  to  3.3  mm/yr  (see  table  2). 
Considering  the  shape  of  the  depressions  they  calculated  the  surface 
lowering  (table  3  and  fig.  5).  They  also  concluded  that  the  variations 
they  observed  more  likely  were  related  to  human  activity  (increase  of 
agricultural  activities)  than  to  natural  changes  in  the  environment. 
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Fig.  4.  Simplified  pollen- 
diagram  from  the  deposit 
in  the  Brasert  mardel . 
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Table  2.  Accumulation  rates  in  the  four  mardels 


Mirdrl 

P«hod  of  time 

Type  of  vegetation 

Accumulation  rate 

13S0-14<k 

forest 

0.9  mm/yr  ' 

U60-I60C 

foresi/open  vegetation 

1.4  mm/yr"' 

}600-}800 

forest/open  vegetation 

1.0  mm/yr"' 

t800-l980 

forest/open  vegetation 

0.7  mm/yr"' 

135<3*I980 

1.0  mm/yr"' 

Muselter 

1200-1350 

open  vegetation 

1.7  mm/yr*' 

1350-1460 

forest/open  vegetation 

2.7  mm/yr"' 

1460-1600 

Open  vegetation/forest 

0.4  mm/yr"' 

1600-18X 

open  vegetation/forest 

0  6  mm/yr*' 

0.4  mm/yf' 

1800-1980 

forest 

1200-1980 

1-0  nrim/yr"' 

G<brannt<  Bocjch 

1200-1350 

open  vegetation 

1.3  mm/yr"' 

1350-1460 

forest 

2.7  mm/yr"' 

11 

forest  " 

1.4  mm/yr"' 

1.8  mm/yr"' 

6ras«n 

100-  700 

forest/open 

1.2  mm/yr*' 

700-1200 

forest/open 

0.8  mm/yr"' 

1200-1350 

forest/open 

3.3  mm/yr"' 

1350-1460 

forest 

2.3  mm/yr"' 

1460-1600 

forest 

3.2  mm/yr*‘ 

1.2  mm/yr*' 

1600-1800 

forest/open 

1800-1980 

open/foresi 

1.0  mm/yr"‘ 

100-1980 

1.4  mm'yr"' 

Table  3.  Calculated  maximum  and  minimum  rates  of  surface  lowering 


(MaSL  and  MiSl.)  in  periods  of 
feeding  area  of  the  Brasert 

increasing 
mar del 

duration  in  t 

Period  of  time 

MaV  MaSL 

MiV 

MiSL 

1980-  100  A.D. 

1800-  100  A  D. 

1600-  100  A  D 

1460-  100  A.D. 

1350-  100  A.D. 

1200-  100  A.D. 

700-  100  A.D. 

163.7  m*  87  mm/lOOO  yr^' 
154.0  m’-*9l  mm/1000  yr' 

122.7  m*  -*  82  mm/1000  yr"* 

83.5  m*  -♦  61  mm/1000  yr"* 

63.5  m’  -♦  51  mm/ 1000  yr*’ 
3V3  m*-*  28  mm/HOOO^r"* 
16.4  m’-*  27  mm/1000  yr*'  * 

62.6  m' 

59.1  m' 

48.1  m’ 

34.1  m’ 

26.4  m’ 

13.5  m’ 

■  7.0(17’ 

-•  33  mm/1000  yr‘‘ 
-•  35  mm/lOOO  yr*' 
32  mm/1000  yr"' 
-♦  25  mm/lOOO  yr*' 

21  mm/1000  yr"' 

-*  12  mm/!0OC  yr*' 

-*  12*mm/1000  y^‘’ 

Table  5  MaSL  and  MiSL  values  calculated  for  the  separate  time  intervals  1  up  to  and  includine  V!1  in 

the  Brasert  feeding  area. 

Time  interval 

MaV  MaSL 

MiV 

MiSL 

VII 

VI 

V 

rv 

III 

II 

I 


1980-1800  A.D. 
1800-1600  A.D 
1600-1«0  A.D. 
1460-1350  A.D. 
1350-1200  A.D. 
1200-  700  A.D. 
700-  100  A.  D 


9.7  m’  54  nun/1  OOO  yf' 
31.3  m*-*  156  mm/lOOO  yr"' 
39-2  m*  — •  279  nun/1000  yr' 
20.0  m’  -►  182  mm/lOOO  yr' 
52.2  m’  -»  215  mm/lOOO  yr’ 
14.8  m’-»  >0  mm/1000  yr' 
16.4ni’-»  27  mm/1000  yr' 


3.6  m*  20  mm/1000  yr' 
11.0  m*-*  55  mm/1000  yr' 
14.0  m’-.  100  mm/1000  yr' 

7.7  m*  -*  70  mm/ 1000  yr' 
12.9  m’  ->  86  mm/1000  yr' 

6.6  m’-*  13  mm/1000  yr’ 
7.0  m’—*  12  mm/1000  yr' 
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Figure  5 


Investigations  of  Kwaad  (1977)  in  a  forested  catchment  in  Northern 
Luxembourg  showed  that  splashed  material  and  colluvium  had  both  more  clay 
and  silt  and  less  gravel  and  stones  than  the  surface  soil.  As  in  the  catch¬ 
ment  studied  by  Kwaad  overland  flow  was  pever  observed  or  liJtely  to  occur, 
it  was  assumed  that  the  colluvial  deposits  we're  supplied  by  the  combined, 
action  of  splash  erosion  and  burrowing  animals  (Imeson  et  al . ,  1980). 

Imeson  and  Vis  (1984)  investigated  the  seasonal  variations  in  soil 
erodibility  under  different  land-use  types  in  Luxembourg  on  Steinmergel- 
)<euper  soils  in  a  nearby  catchment.  In  winter  and  (early)  spring  erodibility 
showed  to  be  at  a  maximum  (see  tables  5  and  6  and  fig.  6) .  The  forest  soil 
is  then  covered  with  litter  and  therefore  the  amount  of  splashed  material 
will  be  largest  during  times  of  exposion  of  the  mineral  soil  (approx.  40% 
of  total  surface).  Consequently  the  amount  of  splashed  material  will  be 
highest  during  summer  and  autumn. 


7 


4 


Table  4.  Soil  texture  properties  related  to  soil  erodibility  (n  =  5) 


► 

( 


Lias 

Lias 

Keuper 

row 

Sands  tone 

Haris 

Haris 

iverege 

a  average 

exposed  surface 

cUy 

(cf.  uom  casts) 

8.3 

32.1 

35.3 

25.2 

content 

surface  horlion 

7.8 

28.5 

33.7 

23.3 

subsurface  hor. 
(cf.  ax)1c  Mils) 

4.9 

29.2 

39.1 

24.4 

column  average 

7.0 

29.9 

36.0 

24.3 

b  average 

exposed  surface 

silt  +  very 

(cf.  worm  casts) 

30.0 

58.2 

58.1 

48.8 

tint  sand 
content 

surface  horlton 

14.7 

54.3 

58.3 

42.4 

(*) 

subsurface  hor. 
(cf.  mole  hills) 

13.4 

55.3 

53.6 

40.8 

column  average 

19.4 

55.9 

56.7 

44.0 

c  average 

exposed  surface 

organic 

(cf.  worm  casts) 

7.3 

22.4 

11.0 

13.5 

matter 

content 

surface  horlton 

9.1 

14.9 

9.5 

11.2 

(*) 

subsurf,  horlton 
(cf.  mole  hills) 

2.7 

6.7 

4.3 

4.6 

column  average 

6.4 

14.7 

8.3 

9.8 

Table  5.  Average  amount  of  material  caught  in  splash  board  traps 
(a  in  g:b  in  mg/mm  rainfall) 


Collection 
.  date 

Site  1 

forest  (colluvium) 

Site  2 
Oasiurc 

Site  3 
lores!  (Ml 

a 

b 

a 

b 

a 

b 

6.v,(978 

•*.7 

70 

0.2 

4 

5,3 

79 

31.V.1978 

4  0 

80 

o: 

4 

2.8 

57 

2:-vi.1978 

2.0 

40  . 

0.08 

: 

08 

17 

29.VII  1978 

2  9 

29 

0.07 

1 

2.1 

21 

29.viij.l978 

08 

.11 

00? 

3 

04 

17 

19  IX.I978 

0.5 

•»*) 

004 

03 

1 1 

20,x.l978 

0.3 

7 

0.05 

I 

0.9 

21 

19. XI  1978 

0.2 

57 

0  1 

30 

0.09 

24 

16  xn.l978 

09 

15 

0 

0 

04 

7 

9.ii.l979 

4.3 

35 

0.09 

1 

2.8 

•>1 

6.111.1979 

1.6 

62 

0  07 

3 

04 

16 

A 
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Fig.  6.  Cumulative  amount  of  soil  splashed  from  undisturbed 
soil  samples  during  laboratory  experiments. 

1 .  forest  (colluvium) 

2.  pasture 

3.  forest  (A1 ) 

4.  arable  farmland 


Table  6.  Months  of  the  year  when  erodlbility  is  at  a  maximum,  minimum, 
or  approximately  its  average  value  (a  =  rainfall  simulation 
experiment:  b  =  aggregate  stability;  *  =  no  value  approximating 
average ) 


Maximum 

Minimum 

Average 

Si(c  1  (forest) 

a 

b 

Dec.  to  May 

April.  June.  July.  Oci- 

.Aug .  Sept. 

Aug..  Sept. 

• 

Oc\ .  Dec 

Site  2  (pasture) 

a 

b 

Dec.  to  May 

Dec  .  Jan. 

April  to  June.  Sept. 
May  to  Aug. 

March.  Sept. 

Sept..  Nov. 

Site  3  (forest) 

a 

b 

Dec.  to  May 

March.  Oct..  Feb. 

Aug.,  Sept. 

Aug..  Sept. 

May,  Dec. 

.tune.  July.  Dec.. 
Feb..  March 

Site  4  (arable) 

a 

b 

March  to  May 

No  clear  trend 

July,  Aug  .  Feb. 

Aug..  Sept 

June.  .N'ov. 

Son.  to  Jan. 

JungeriuE  and  Van  Zon  (1984)  investigated  the  sources  of  soil  erodtbillty 
in  wooded  drainage  basins  in  Luxembourg.  They  concluded  that  "erodibility  is, 
at  last  for  a  significant  part,  modified  by  faunal  activity".  Differences 
between  landscape  units  are  decreasing  by  the  faunal  activity.  Moles  and 
worms  reduce  by  homogenisation  differences  in  erodibility  between  landscape 
units,  although  conflicting  tendencies  occur:  moles  bring  subsurface  material 
with  low  organic  content  to  the  surface,  increasing  the  availability  of 
material  susceptible  to  erosion  and,  at  the  other  side,  worms  vrtiich  enrich 
the  organic  matter  content  of  the  soil ,  improving  the  soil  structure  and 
reducing  the  soil  erodibility  (Table  4). 

In  the  Schrondweilerbaach  catchment  the  close  relationship  between 
characteristics  of  the  colluvium  and  the  topsoil  higher  upslope  implies 
that  besides  splash  erosion  also  another  process  controls  the  supply  of 
the  colluvial  material.  Probeibly  overlamd  flow  plays  a  dominant  role  in 
this  respect,  because  it  was  observed  that  during  intense  rainstorms  over¬ 
land  flow  tremsported  surface  soil  aggregates  up  to  about  3  mm.  This  is 
confirmed  by  the  observation  of  aggregates  in  micromorphological  samples. 


ed9e  o»  vii'ev  '"c-non 
»ie«pening  of  (tope 
»c*'  •¥i!h  kindctculling 
f  k:>o0pi«in 
low  t«rr»ce 
terr*ce 

rocrnt  grave*  depo»'t» 
t— 4  ••te  of  crori-»#ctPon 
distance  to  soixce 


Fig.  7.  Two  channel  reaches  of  the  Schrondweilerbaach 

(main  branch)  and  their  characteristic  cross-sections 


The  valley  Incisions  may  in  general  be  considered  as  the  most  dynamic 
zone  in  the  catchment:  besides  erosional  and  depositional  processes  in 
the  channel  itself,  the  incision  also  acts  as  a  tremsport  route  for  material 
eroded  by  a  variety  of  slope  processes  elsewtiere  in  the  catchment.  The 
complexity  of  the  interrelations  between  cha.inel  characteristics  and  varying 
in-  and  throughputs  of  sediment  in  the  channel  is  reflected  in  its  form. 
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Channel  bed  topography  in  the  research  catchment  is  rather  irregular 
(fig.  8)  and  strongly  dependent  upon  contributory  catchment  area  and 
bed  lithology  (outcrops  of  more  resitant  conglomerate  layers).  Organic 
debris  dams  may  locally  cause  distinct  steps  in  the  longitudinal  profile 
due  to  aggregation  upstream  and  Intense  bed  scour  downstream  of  the  dam. 

Bed  gradient  in  general  varies  between  0.5°  and  5.0°.  Depth  and  width  of 
the  incision  show  an  increase  in  a  downstream  direction  and  vary  respect¬ 
ively  from  0. 5-5.0  m  and  from  1.5-20  m.  Streambank  gradients  generally  are 
in  between  30°  and  50° .  Schematic  representation  of  channel  planform  and 
cross-section  is  given  in  fig.  7  for  two  reaches,  the  upstream  part  incised 
in  the  Steinmergelkeuper  and  the  downstream  part  in  the  Schilfsandstein. 

Two  terrace  levels  may  be  distinguished  (fig.  6)  from  which  may  be  concluded 
that  downward  channel  erosion  has  been  active  or  is  still  active  today. 
Considerable  erosion  has  probably  occurred  since  1930,  when  drainage  of 
the  catchment  was  improved  by  the  construction  of  a  system  of  narrow  and 
shallow  ditches  on  the  surrounding  slopes.  The  improved  drainage  conditions 


m 


Pig.  8.  Longitudinal  profile  of  the  Schrondweilerbaach 


will  have  resulted  in  a  faster  response  of  runoff  to  precipitation  and 
higher  peak  flows  yith  consequent  erosion  of  the  channel.  One  of  the  above- 
mentioned  terrace  levels  may  thus  represent  the  1930  channel  Ijed.  In  contrast 
to  the  deepening  of  the  river  incision  in  the  past  50  years,  the  headward 
extension  of  the  channel  network  on  the  slopes  has  proceeded  slowly;  most 
of  the  ditches  excavated  in  the  catchment  headwater  area  show  only  limited 
features  of  accelerated  erosional  activity.  Only  where  they  join  the  main 
channel,  headward  erosion  has  occurred  over  a  distance  varying  from  about 
1-5  m. 


2.  Vegetation  and  land  use 

The  Schrondweilerbaach  catchment  is  almost  completely  (99.2%)  covered 
with  forest.  The  non-wooded  part  is  formed  by  the  road  which  crosses  the 
catchment  from  NE  to  SW.  The  forests  in  the  study  area  of  the  oak -hornbeam 
association  with  predominantly  oak  (Quercus  cf ,  robur ,  L) ,  hornbeam 
(Carpinus  betulus,  L)  and  beech  (Fagus  sylvatica,  L) .  According  to  Hazel - 
hoff  et  al .  (1981)  these  three  species  form  about  90%  of  the  trees.  The 
trees  have  a  maximum  age  of  about  120  years  and  are  up  to  30  m  high.  Locally 
a  shrub  layer  is  well  developed,  which  consists  of  mainly  hawthorn  (Cra taequs 
laevigata)  and  beech.  The  largest  shrubs  are  about  10  years  old. 

A  comparison  of  the  present  land  use  with  that  in  1777,  as  inferred  from 
the  maps  of  the  "Comte  de  Ferraris"  (re-issued  1965-1970  at  scale  1:25000) 
shows  nearly  no  shift  in  the  forest  boundaries.  Most  of  the  area  now  covered 
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with  mixed  deciduous  forest  was  also  forested  about  200  years  ago.  However, 
the  similarity  in  land  use  between  now  and  200  years  ago  does  not  imply 
similarity  in  land  utilisation.  Up  to  about  1865  (Administration  des  Eaux 
et  ForSts,  1971)  successive  parts  of  the  forest  were  totally  cleared  in  a 
cyclic  way  for  firewood.  During  the  clear-cutting  phases  and  in  the  years 
thereafter,  considerable  erosion  might  have  taken  place  at  the  stripped 
sites.  Today  only  the  younger  trees  are  cut  down  every  25  to  30  years  and 
the  older  trees,  when  they  have  an  age  of  about  120-140  years  for  beech 
and  hornbeam  and  140-200  years  for  oak. 


3 .  lloological  aspects 

The  importance  of  animal  activity  in  erosion  studies  rests  mainly  on 
its  effects  on  the.  rate  of  exposure  of  soil  material  to  erosional  processes 
cind  on  the  physical  and  biochemical  changes  brought  about  in  the  topsoil . 

The  spatial  and  temporal  variations  in  the  exposure  of  soil  material  can 
easily  be  observed  in  the  field.  In  the  forests  of  the  study  area,  extensive 
areas  of  the  forest  floor  are  litter-free  or  covered  with  wormcasts  during 
many  months  of  the  year. 

The  low  permeability  and  fine  texture  of  the  Steinmergelkeuper  soils 
provide  a  favourable  environment  for  earthworms  and  moles.  Hazelhoff  et 
al .  (1981)  suggested  the  in^rtance  of  the  earthworm  species  Lumbricus 
terrestris  L.  in  removing  the  protecting  litter  layer  by  pulling  leaves 
from  the  surface  into  their  burrows  (Satchell  and  Lowe,  1967). 

In  fig.  9  a  blockdiagram  is  given  from  a  bare  soil  surface  with  burrows 
of  Lumbricus  terrestris  with  gathered  litter,  and  a  crack  vrtiere  coarse 
litter  remains  are  concentrated.  In  tables  7  and  8  relations  between  depth 
of  perched  water  table  and  groups  of  plots  respectively,  and  relation 
between  tree  species  and  earthworm  (burrow)  density  are  given.  Groups  are 
distinguished  with  respect  to  the  mean  maximum  percentage  of  bare  soil 
during  the  measuring  period  (1978/1979).  Group  I  mean  maximum:  31-50%, • 

Group  II  mean  ma.ximum:  11-31%;  Group  III  mean  maximum:  0-10%.  It  is  shown 
that  areas  where  Fagus  syivatica  and  Carpinus  betulus  prevail,  the  Lumbricus 
terrestris  is  less  active,  as  the  activity  of  this  worm  accounts  for  99% 
of  the  occurrence  of  bare  soil  surface.  The  spatial  distribution  of  bare 
soil  patches  om  a  broad  nearby  watershed  is  shown  in  fig.  10.  Table  9  gives 
the  several  tree  and  shrub  species  occurring  in  this  area,  which  is 
characteristic  for  the  Steinmergelkeujper  areas.  The  seasonal  variation 
is  shown  for  several  sampling  plots  on  this  watershed,  showing  increase 
of  bare  surfaces  and  moss  growth  during  spring,  summer  and  early  autumn. 

Soil  moisture  is  lowest  during  late  summer ,  due  to  the  large  evapotrans- 
piration  of  the  vegetation  in  the  warm  season . 

In  this  way,  earthworm  activity  results  in  the  creation  of  bare  surfaces 
which  are  susceptible  for  splash  erosion  or  erosion  by  overland  flow.  The 
amount  of  exposed  soil  ranges  from  zero  during  winter,  wtien  leaves  have 
fallen  onto  the  forest  floor  and  earthworms  are  relatively  dormant,  to 
about  25-40%  at  the  end  of  summer  (Hazelhoff  et  al . ,  1981;  Jungerius  and 
Van  Zon ,  1982;  van  Hoof f ,  1983).  Maximum  effects  (up  to  90%  litter-free 
surface)  are  observed  in  the  microtopographic  depressions  of  a  few  hundred 
square  metres  which  are  damper  than  the  immediate  surroundings. 

Only  the  moderately  well-drained  sandy  loam  to  sandy  clay  loam  soils 
of  the  Schilf sandstein-  and  Pseudomorfosen-series  the  activity  of  the  worm 
species  Allolobophora  noctuma,  Sav.  and  Allolobophora  lonqa ,  Ude,  was 
recognised.  These  worms  produce  casts  which  can  almost  completely  cover 
the  litter  (Hazelhoff  et  al . ,  1981).  No  specific  pattern  in  the  activity 
of  the  Allolobophora  species  was  observed. 
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lUpoMnUtiM  aoil  prafli*  ftom  th*  Ltaaftn  HacdboMch,  dauribad  aceoidiof  to  tha 
FAO-fuidaUaaa  (FAO,  1977) 


0—4  cia 

All 

lOYR  8/3  alltp  day  loam;  ation(  madlum  fnnular;  Mabla: 
faw  fina  pom;  faw  flna  roola;  abntpt  taaotb  botindary. 

4— 10  an 

A19 

10  YR  S/2  dli  loam;  mo4«nU  Mid  ftioBi  Mdlna  tubtiifutar 
blocky;  firm;  common  fine  potw;  common  Miy  Am;  floe  end 
medlym  roote;  dmpi  Mnooth  boimduy 

10—84  on 

B(8 

lOYR  8/8  and  7.8Y  4/1  madlum  paoadnant  sharp  mottlaa; 
tUfhtly  (raaaUy  aUty  day;  stronf  madlum  aafular  blocky;  firm; 
patchy  modaataly  thick  cutana  on  lack  frafmanta;  many  mry 
flna  and  flna  pom:  faw  madlum  and  eoam  roots;  daar  boundary 

84-100*00 

C 

3.8Y  8/3  Itaaally  dKy  clay  loam 

Fig.  9.  Schematic  block  diagram  of  a  site  with  burrows  of  Lurabricus 
terrestris  and  a  crack  where  coarse  litter  remains  are 
concentrated  (see  also  Hazelhoff  et  al . ,  1981). 

Table  7. 

Compariaon  of  aia  ploU  with  wapact  to  daptha  of  tha  perchad  waUr  tablaa _ 


Plot 

Group 

Position 

Average 

Laval  of 

on  slope 

depth  (cm) 

significance 

1 

U 

I 

UI 

Upper  slope 

20 

40 

0.001 

10 

2 

u 

m 

Middle  slope 

17 

61 

0.001 

8 

9 

n 

UI 

Lower  slope 

16 

25 

0.02 

Compariaon  of  fraupi  with  rapact  to  tha  numban  of  aarthwonm  and  tpaciat  compo- 
•ition  of  tha  ttaa  layan 


Groups 

Levels  of  lifnlflcanee 

I 

n 

m 

i/ii 

um  n/m 

Total  carthworms/0.36  m' 

67 

50 

27 

♦ 

•  ♦ 

Btinows/m* 

14 

10 

4 

♦ 

•  ♦ 

Quarcus  robw  (%) 

66 

46 

30 

♦ 

♦  ♦ 

Acereompesfre  (%) 

28 

16 

3 

♦ 

•  ♦ 

Fopus  syfiMfioa  (%) 

7 

10 

25 

♦ 

•  a 

Carpinus  bttytus  (%) 

6 

14 

43 

* 

•  • 

aticaificaaoa  batwaan  0.16  and  0.10. 
*ai|nifleaiiea  batwaan  0.10  and  0.06. 
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Table  8 .  CotnpBriton  of  the  three  froupe  with  teepeci  to  meen  moUture  cootente  of  the  A12  and 
the  B2(  horizoni  (in  each  row  the  (ifurea  aro  •ignirieantly  different  (a  •  O.OS),  except 
where  italieixed) 


Group: 

I 

U 

ai 

M«An  mAximft  of  bftr«  toil  1976  (%): 

bOA 

20.S 

9.8 

Meu)  nuxliiit  of  ban  •oil  1979  (%) : 

34.0 

11.6 

4.7 

*M«4n  coil  moiatur*  eonUnU  A  <%) 

52 

41 

50 

^Maan  aoif  moiatura  coafiaota  B  (%> 

3S 

28 

32 

*ln  both  1978  and  1979. 


Fig.  10.  The  distribution  of  exposed  soil  in  the  Laangen 
Haedboesch  during  July  1978 


Table  9.  Corapositicn  of  the  tree  and  shrub  layers  in  the  Laangen  Haedboesch 


Approx. 

% 

Tree  species: 

Fagus  syhatica,  L.  (beech) 

30 

Quercus  cf.  robur,  L.  (oak) 

30 

Carpinus  bttulus,  L.  (hornbeam) 

30 

Acff  compfsirt,  L.  (maple) 

5 

Acfr  psfudoplatanus,  L.  (sycamore) 

5 

Shrub  layer: 

Crataegus  laevigata^  (Poir.)  DC 

(hawthorn) 

80 

Fagus  sylvaticOy  L.  (beech) 

15 

Corytus  avellana,  L.  (hazel) 

2 

Acer  compestre,  L.  (maple) 

3 

15 


Besides  influencing  soil  erosion  in  a  direct  way,  the  activity  of 
earthworms  and  moles  increases  the  permeability  of  the  topsoil  and  favours 
throughf low  and  lateral  eluviation  of  this  topsoil . 

Disturbance  of  the  forest  floor  caused  by  deer  and  wild  pigs  is  limited 
to  the  occasionally  scraping  away  of  the  soil  surface,  but  this  is  of 
limited  importance  for  sediment  production  from  the  valley  slopes.  Occasion¬ 
ally  pig  activity  can  result  in  high  sediment  concentration  in  surface  flow 
if  freshly  remoulded  surface  material  is  entrained  during  heavy  thunder  - 
storms .  This  led  to  sediment  concentrations  as  high  as  7700  mg/1  in  the 
river  during  a  peak  discharge  in  September  1987. 


4 .  Hydrological  characteristics 

The  Schrondweilerbaach  is  a  first  order  tributary  of  the  Alzette  River. 
The  latter  drains  about  25%  of  the  Grand  Duchy  of  Luxembourg  and  forms 
part  of  the  drainage  basin  of  the  River  Rhine .  The  total  length  of  the 
stream  channel  system  in  the  Schrondweilerbaach  catchment  is  about  2250  m. 

To  this  should  be  added  about  1400  m  of  narrow  (about  0.5  m  wide)  drainage 
ditches  dug  by  man.  Runoff  in  the  upstream  part  of  the  main  stem  and  side 
branches  of  the  channel  system  and  in  the  drainage  ditches  is  intermittent. 
In  the  downstream  reaches  runoff  is  practically  continuous  throughout  the 
year. 

During  the  winter  a  perched  watertable  develops  above  the  BEg-horizon 
and  usually  remains  within  0.3  m  of  the  surface,  except  in  zones  close  to 
the  divide  and  close  to  the  channel  incision.  Runoff  is  generated  by  over¬ 
land  flow  from  various  micro-topographic  depressions  on  the  valley  slopes 
(Bonell  et  al . ,  1984)  and  by  rapid  subsurface  flow  through  channels  and 
pipes  in  the  AEh-  and  EAhg-horizons .  The  runoff  produced  collects  in  rills 
and  ditches  and  supplies  most  of  the  water  in  the  stream  channel .  As  a 
result  the  headwater  streams  in  the  Steinmergelkeuper  respond  rapidly 
to  rainfall  and  the  runoff  coefficient  and  proportion  of  storm  runoff  by 
quickflow  are  both  high  (Bonell  et  al.,  1984).  Most  runoff  is  generated 
during  the  winter,  although  extremely  heavy  thunderstorms  during  summer 
occasionally  produce  very  high  amounts  of  runoff.  In  fact,  the  highest 
discharge  regifetrated*  du-ring  19.78  and  1979  .occurred  during  such  a  thunder¬ 
storm,  when  39.5  mm  of  rainfall  fell  in  45  miniites’ and  resulted  in  a  maximum 
discharge  of  about  500  l/s'^  at  the  catchment  outlet.  The  processes  of 
runoff  generation  on  the  valley  slopes  will  loe  discussed  in  more  detail 
especially  with  respect  to  their  role  in  soil  erosion  and  sediment  treuisport. 

A  less  important  part  of  the  catchment  runoff  is  the  interflow  which 
emerges  quantitatively  on  the  channel  banks.  It  is  only  of  importance  in 
the  channel  reach  through  the  Schilf sandstein-  and  Pseudomorfosenseries . 
Another  special  aspect  in  the  hydrological  response  of  the  catchment  is 
formed  by  the  road  which  crosses  the  catchment  from  the  divide  to  the  lower 
boundary.  Precipitation  on  the  road  (800  m  long  and  8  m  wide,  inclusive 
verges)  is  collected  into  ditches  which  enter  the  main  stream  channel  at 
several  places. 

Runoff  measurements  carried  out  over  a  period  of  three  years  (1978-1980) 
in  a  neighbouring  forested  catchment  show  that  26-29%  of  precipitation 
leaves  the  catchment  as  surface  runoff  (Imeson  and  Vis,  1984).  Investigations 
of  Einsele  et  al.  (1983)  into  the  water  budget  of  a  forested  catchrjent  on 
Keuper  marls  close  to  Tubingen  (FRG)  reveal  a  similar  value  for  runoff 
output:  30%. 
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Suspended  catchment  concentration  at  the  catchment  outlet  is  very 
variable  as  it  is  strongly  dependent  upon  seasonal  catchment  conditions 
and  rainfall  intensities  (Imeson  et  al.,  1984).  It  varies  in  general 
between  1  and  500  mg/l“^-  The  maximum  concentration  observed  during  the 
study  period  amounted  2300  mg/l~'  and  was  measured  during  a  summer  thunder- 


Figure  12.  The  turbidity  (T)  and  discharge  (Q)  of  the 

Schrondweilerbaach  resulting  from  the  rainfall 
on  the  29th  August  1980.  (P  is  the  precipitation, 
a  the  quickflow  hydrograph  and  b  the  discharge 
of  turbid  water  from  the  topographic  depressions) 


The  contribution  of  sediment  from  different  sources  can  sometimes  be 
recognised  in  the  turbidity  of  a  discharge  pea){.  A  first  turbidity  pea)c 
is  generated  by  the  upta)«e  of  surface  material  in  the  river  water  and  a 
second  pealc  can  be  explained  by  the  arrival  of  subsurface  material 
originally  transported  by  subsurface  flow  (pipe  erosion,  lateral  eluviation 
of  dispersed  clay). 

Electrical  conductivity  of  the  streamwater  which  reflects  total 
concentration  of  solutes  shows,  in  contrast  to  the  wide  fluctuations  in 
suspended  sediment  concentration,  a  much  smaller  range:  .65'850'iJ  S  cm"*  . 

The  lower  and  upper  value  are  determined  by  the  electrical  conductivity' 
of  respectively  throughfall  (during  peak  flow  conditions)  and  interflow 
in  the  roclcs  of  the  Schilfsandstein  and  Pseudomorfosenlceuper  (during 
baseflow  conditions) . 

Within  the  sub-catchment  where  the  current  research  is  carried  out 
relatively  large  differences  are  present  with  respect  to  hydrological  and 
morphological  aspects .  If  we  look  at  subsurface  flow  we  see  2  important 
pathways  of  water  through  the  solum:  a  general  lateral  water  movement  on 
the  clayey  B-horizon  through  the  more  silty  and  very  porous  A-horizon 
(bulk  density  between  0.7  to  1.1  g/cmM .  The  macroporosity  of  this  topsoil 
is  the  second  very  important  factor  in  water  movement.  The  latter  factor 
is  influenced  by  a)  shrink  and  swell  of  clays,  in  the  topsoil  as  well  as 
in  the  B-horizon  and  the  colluvial  deposits  in  the  lowest  part  of  the 
subcatchment.  This  process  is  very  sensitive  to  soil  moisture  conditions 
and  leads  to  a  general  presence  of  polygonal  crack  systems.  Fig.  13  shows 
the  seasonal  variation  in  the  width  of  cracks  reaching  a  maximum  in  autumn . 
Fig.  14  shows  the  spatial  development  of  a  spot  with  many  cracks; 
b)  activity  of  soil  animals  like  worms,  moles  etc.,  burying  smaller  and 
larger  partly  continuous  pore  systems  in  the  soil.  During  heavy  rain 
showers  it  was  observed  that  water  powerfully  streamed  out  of  macropores 
leading  to  local  overland  flow  and  finally  infiltration  of  the  same  water 
in  the  subsoil  again. 


From  a  morphological  point  of  view  there  are  differences  within  the 
catchment  between  the  areas  with  Keuper  substratum  and  colluvial  deposits 
in  the  shallow  valley  bottom.  Perched  groundwater  tables  are  lower  on  the 
footslopes,  where  colluvium  is  present  indicating  larger  porosity.  Wet 
areas  are  often  found  in  depressions.  Elongrted  depressions  are  connected 
with  pipes  draining  into  the  ditches.  In  the  depressions,  the  Lumbricus 
terrestris  is  more  activa  and  crack  systems  are  more  prominent.  In  places 
where  small  stept  occur  on  the  slopes,  probably  due  to  mass  wasting,  also 
differences  in  soil  moisture  regimes  are  present,  indicating  perched 
groundwater  steps. 


Streambank  contribution  to  the  sediment  budqet 


Our  primary  aim  was  the  construction  of  a  sediment  budget  for  a  small 
forested  catchment,  special  emphasis  being  given  to  the  contribution  of 
streambank  erosion.  The  study  area  forms  part  of  the  Keuper  region  of 
Central  Luxembourg,  where  forested  drainage  basins  are  characterised  by 
gentle  slopes  and  deeply  incised  valleys  with  meandering  streams.  In  this 
area  the  drainage  basin  of  the  Schrondweilerbaach  (60.8  ha)  was  selected 
for  detailed  investigations.  The  study  was  carried  out  between  November  1979 
and  November  1981. 


Fig.  14.  Polygonal 
structures  between 
swell/shrink  cracks  at 
5.10.1987  at  the 
exposure  site . 


Fig.  15.  Perched 
watertable  level  at 
the  experimental  slope 
after  a  heavy  rai:.- 
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The  lithology  of  the  drainage  basin  is  dominated  by  the  marls  of  the 
Steinmergelkeuper ,  which  weather  into  heavy  clay  soils.  Soils  are  poorly 
drained  and  shallow,  leading  to  the  development  of  a  perched  watertable 
above  the  subsoil  and  to  extensive  conditions  of  overland  flow  during 
periods  with  prolonged  rainfall  or  snowmelt.  Mean  annual  rainfall  in  the 
period  of  investigations  was  about  1050  mm,  generating  about  300  mm  of 
runoff.  The  forest  in  the  drainage  basin  predomin^mtly  consists  of  oak, 
beech  and  hornbeam  with  a  maximum  age  of  about  120  years. 

The  sediment  budget  of  the  Schrondwellerbaach  catchment  was  divided 
into  three  main  parts:  sediment  transfer  from  the  streeun  banks,  sediment 
tremsfer  from  the  valley  slopes  and  sediment  output  from  the  drainage  basi 

Six  processes  were  found  to  be  active  in  streambank  erosion:  lateral 
corrasion,  bank  failures,  soil  fall,  creep,  rainsplash,  and  overland  flow. 
Programmes  to  measure  these  processes  were  carried  out  in  three  sample 
are'as  comprising  the  variations  in  bank  material  characteristics  and 
channel  morphology.  After  the  processes  had  been  measured  for  two  years, 
statistical  relationships  were  established  between  the  monthly  amount  of 
eroded  material  and  a  number  of  bank  pareuneters  (morphological  variables 
and  bank  erodibility  indices).  In  1981  the  channel  was  surveyed  and  the 
essential  parameters  were  then  used  to  calculate  the  total  sediment  supply 
by  each  of  the  bank  processes. 

The  streambanks  contributed  53.3%  to  the  total  supply  of  sediment  with 
lateral  corrasion  and  subsoil  fall  being  the  main  bank  processes  con¬ 
tributing  respectively  22.9%  and  21.0%.  Bank  failures,  rainsplash  erosion 
and  soil  creep  transferred  respectively  7.6%,  1.4%  and  0.4%.  The  sediment 
transfer  by  overland  flow  was  left  out  of  the  budget  as  it  was  observed 
that  overlemd  flow  predominantly  acted  as  a  transport  medium  for  material 
detached  by  other  processes;  consequently  the  transferred  amount  was 
already  Included  in  the  results  for  these  processes. 

The  activity  of  each  of  these  processes  was  restricted  to  a  particular 
part  of  the  bank  and  to  specific  hydro/meteorological  conditions.  Maximum 
rates  of  lateral  corrasion  and  splash  erosion  were  generally  encountered 
during  summer  thunderstorms,  while  the  highest  rates  of  subsoil  fall  were 
measured  during  frost  periods.  High  rates  of  soil  creep  could  largely  be 
attributed  to  the  effect  df  biological  acti-vita'  (summer)  and  to  a  lesser 
extent  to  the  effect  of  frost  action. 

The  spatial  trend  in  sediment  supply  from  the  streambanks  showed  a 
general  increase  with  increasing  catchment  area.  However,  the  highest  rates 
of  bank  recession  were  encountered  in  the  upstream  part  of  the  main  river. 
These  were  due  to  various  indirect  effects  of  distinct  breaks  in  the 
longitudinal  profile ,  especially  related  to  the  presence  of  organic 
debris  dams. 

Splash  detachment  and  subsequent  transport  of  detached  material  by 
overland  flow  appeared  to  be  the  dominant  mechanism  of  soil  erosion  on  the 
valley  slopes,  contributing  42,2%  to  the  total  sediment  supply.  Both  the 
rate  of  splash  detachment  and  storm  runoff  generation  were  influenced  to 
a  large  degree  by  the  forest  ecology;  apart  from  the  canopy  effects  on 
the  erosivity  of  rainfall,  the  rate  of  splash  detachment  was  related  to 
the  spatial  and  temporal  variations  in  the  occurrence  of  exposed  soil. 

Most  of  the  exposures  of  bare  soil  were  caused  by  the  consumption  of  leaves 
by  earthworms.  In  addition,  the  combination  of  clayey  soils  and  a  rich  soil 
fauna  led  to  a  high  content  of  biopores  and  pipes  above  the  seasonally 
saturated  subsoil,  causing  rapid  draining  of  the  topsoil.  Widespread 
conditions  of  overland  flow  on  the  valley  slopes  occurred  at  least  once 
a  year,  during  which  up  to  75%  of  the  catchment  contributed  to  the  stream 
hydrograph.  Throughflow  through  biopores  and  pipes  supplied  sediment 
originating  from  the  subsoil.  This  sediment  transfer  dominantly  occurred 
during  baseflow  conditions  and  contributed  4.5%  to  the  total  sediment  supply 
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Sediment  transfer  out  of  the  drainage  basin  dominantly  occurred  as  sus¬ 
pended  load  (93%),  vrtiile  bedload  contributed  only  7%.  Both  transport  modes 
showed  highest  output  rates  during  sunmer  thunderstorms.  Gralnsize  ^malysls 
of  the  sediment  supplied  by  the  various  streambank  and  valley  slope  processes 
revealed  that  bedload  was  largely  made  available  by  lateral  corraslon, 
subsoil  fall  and  bank  failures.  On  the  other  hand,  hillslope  processes 
wete  the  main  contributor  to  suspended  load. 

The  results  from  the  sediment  budget  showed  that  during  the  study  period 
sediment  production  from  streambanks  and  valley  slopes  was  about  equal  to 
sediment  output  from  the  drainage  basin,  implying  a  present  state  of  dynamic 
equilibrium  in  sediment  treinsfer.  When  viewing  the  results  from  the  1979-1981 
period  within  a  wider  time  scale  (about  SO  years),  the  present-day  activity 
of  the  erosion  processes  reflects  adjustment  to  channel  changes  (in) directly 
caused  by  the  drainage  operations  carried  out  between  1928  and  1930.  In¬ 
sufficient  data  were  available  for  further  extrapolation  in  time  in  order 
to  calculate  the  virtual  age  of  the  channel  incision. 

The  results  of  the  channel  surveys  and  observations  of  bank  processes 
are  summarised  in  a  descriptive  model  for  the  widening  of  valley  incisions 
in  the  study  area. 


Fig.  16.  Schematic  representation  of  valley  cross-section 
showing  the  active  zones  of  the  erosion  processes 


Fig.  17.  Splash  loss 


Fig.  18.  Monthly  variation  in  sediment 
supply  by  subsoil  fall . 
a.  Steinmergelkeuper  series. 


Fig.  19.  Plots  showing  the  subsequent  positions 
of  the  bank  face  with  respect  to  the  reference 
bar.  Arrow  show  direction  of  streamflow. 

1  =  Nov.  1979;  2  =  May  1980;  3  =  Nov.  1980; 

4  =  March  1981;  5  =  Nov.  1981. 


Fig.  20.  Temporal  variation  in  lateral  corrasion, 
November  1979  -  Novenfcer  1981. 


Fig.  22.  Sediment  budget  for  the  Schrondwcilerbaach 
catchment  1979-1981 .  Numbers  are  in 
kg.ha"! .yr"l . 


Pig.  23.  Spatial  variation  in 
sediment  supply  from  banks. 


d»m  I  <1  kft/m 
cMn  I  •  -  »  hg/m 
dmm  I  a  10  la/m 
doH  •  M-ao 
dm  •  no-JBOii^kii 


Table  10.  Sediment  budget  for  the  Schrondweilerbaach  catchment  (0.61  km’) 
November  1 979  -  November  198 1 . 


process 

sediment  suppl/ 
kg/  2  years 

t. 

letersl  corrasion 

Soescr 

22.9 

subsoil  fall 

18860 

21.0 

mess  movements 

6850 

7.6 

ralnsplash  erosion 

1240 

1.4 

soil  creep 

400 

0.4 

overlanf)  flow 

rtreambank  total 

4  8000 

53.3 

splash  detachment  ♦ 

overland  flow  transport  38000 

42.2 

throuqbf low 

4COO 

4.5 

Slones  total 

42000 

46.7 

total  sediment  input 

90000 

suspended  load 

86300 

92.8 

bed  load 

6700 

7.2 

total  sediment  output 

93000 

net  dissolved  output 

180400 
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.  PEDOGENESIS  ON  FORESTED  SLOPES  OF  THE  KEUPER  MARLS;  OLAY  DISPERSION 
AND  THE  FORMATION  OF  AN  ABRUPT  TEXTURE 


Introduction 


Certain  areas  in  the  world  have  a  soil  type  of  which  the  abrupt  texture 
contrast  between^he  light  textured  surface  horizon  snd  the  clayey  sub¬ 
surface  horizon  is  one  of  the  most  eye-catching  characteristics. 

The  textural  change  in  the  subsurface  horizon  can  be  of  pedogenic  as 
well  as  of  non-pedogenic  origin.  Soils  which  are  developed  on  lithologic 
discontinuities  can  be  found  everywhere,  e.g.  in  the  Sydney  Basin  in 
Australia.  Here,  coarse-grained  material  has  been  moved  downslope  on  top 
of  a  fine-textured  surface  layer,  forming  a  duplex  soil  (Bishop  et  al . ,  1980). 

Besides  the  non-pedogenic  character  of  the  aJbrupt  textural  changes,  the 
texture  contrast  in  the  subsurface  horizon  is  often  caused  by  one  or  more 
soil  forming  processes . 

In  the  context  of  the  parent  material,  the  specific  soil  type  (see 
Table  11)  and  the  field  situation  described  in  the  introduction  to  the 
excursion  guide,  it  can  be  reasonably  assumed  that  a  soil  forming  process 
and  not  a  lithological  discontinuity  is  responsible  for  the  abrupt  texture 
contrast.  Therefore,  this  study  is  focussed  on  clay  dispersion  related  to 
the  abrupt  texture  contrast  between  A  and  B  horizon. 

Chemical  dispersion  and  flocculation  of  clay  minerals  is  ruled  by  the 
electrolyte  and  its  concentration  in  the  soil  solution,  the  saturation  of 
the  exchange  complex,  and  the  type  of  clay  mineral.  Hence  attention  is 
paid  to  the  chemical  conditions  of: 

-  the  soil  material  of  A  and  B  horizon,  reflecting  the  potential  dispers¬ 
ibility; 

-  the  chemical  conditions  of  the  soil  solution: 

-  the  chemical  conditions  of  the  lateral  subsurface  flow  and  clay  transport 
over  the  contact  between  A  and  B  horizon. 


Methods 


To  gather  information  about  the  dynamics  in  the  conditions  of  the  soil 
moisture  and  lateral  subsurface  flow,  a  regular  sampling  scheme  has  been 
carried  out: 

-  Soil  moisture  has  been  sampled  by  porous  cups  which  are  installed  at 
the  contact  between  A  and  B  horizon .  This  soil  moisture  has  been 
chemically  analysed. 

-  Subsurface  flow  running  over  the  clayey,  massive  B-horizon  during  and 
after  rainfall,  has  been  sampled  by  means  of  polyethyleen  plates, 
installed  at  the  contact  between  A  and  B  horizon.  This  flow  is  also 
analysed. 

-  Dispersed  fine  material  in  strearawater  emd  subsurface  flow  is  sampled. 
This  material  is  flocculated  and  used  for  X-ray  analysis. 

To  characterise  the  chemical  parameters  of  the  soil ,  standard  soil 
analyses  for  the  whole  profile  were  carried  out.  The  clay  mineralogy  has 
been  determined,  and  thin  sections  of  A  and  E  horizon  prepared. 

The  measured  chemical  characteristics  of  soil  moisture  and  soil  material 
are  linked  to  the  observed  subsurface  flow  containing  dispersed  material , 
by  laboratory  experiments: 
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-  By  means  of  a  dispersion  experiment,  the  dispersibility  of  clay  fractions 
of  A  and  B  horizons  has  been  determined,  as  well  as  the  influence  of 
several  parameters  on  dispersion. 

-  Using  a  test,  flocculation  values  of  clay  fractions  of  the  Bg  horizon 
have  been  determined. 


Results 


With  regard  to  clay  dispersion  and  the  eUorupt  texture  contrast,  the 
next  properties  are  important: 

-  the  texture  contrast  between  A  and  B  horizon,  the  increase  in  the  ratio 
fine/total  clay  from  A  to  B  horizon,  and  the  more  or  less  constant  ratio 
throughout  the  B  and  C  horizon  (see  fig.  24); 

-  the  high  base  saturation  due  to  Ca  and  Mg;  the  low  Ca/Mg  ratio  of  the 
exchange  complex  (especially  the  B  horizon) ;  the  almost  complete  absence 
of  monovalent  and  trivalent  ions  at  the  complex  (see  table  11); 

-  no  clay  Illuviation  is  observed  in  thin  sections  of  the  B  horizon. 

Soil_moisture  characteristics 

The  spatial  variability  of  the  chemical  conditions  of  the  soil  moisture 
is  enormous.  The  difference  in  e.g.  Mg^'*'  concentration  between  porous  cups 
is  often  larger  than  the  ranges  at  one  cup  during  the  sampling  period 
(see  fig.  25).  It  seems  that  a  dry  or  a  wet  period,  ruling  the  length 
of  the  interaction  time  of  the  water  with  the  soil  matrix,  does  not  really 
influence  the  chemical  conditions  of  the  soil  moisture.  For  dry  as  well  as 
wet  periods  the  electrolyte  concentration  and  EC(25)  are  very  low. 


SuJbsurf  ace_f  low 

The  plates  are  draining  the  slope  approximately  30  minutes  after  the 
start  of  the  rain,  even  before  the  complete  slope  is  water -saturated. 
Subsurface  water  is  transported  laterally  in  pores,  craclts  and  pipes  over 
the  B  horizon  ("bypass  flow") .  •  .  _  . 

The  chemical  conditions  of  the  subsurface  flow  do  not  differ  much  for 
periods  of  rain  with  low  or  high  discharges.  The  EC  (25)  and  electrolyte 
concentration  are  again  very  low  (see  fig.  26).  These  are  in  the  same 
order  of  magnitude  as  in  the  soil  moisture  in  the  porous  cups . 


Dispersed  material  collected  in  streamwater  and  subsurface  flow 

The  amount  and  colour  (organic  matter)  of  dispersed  materia]  is  very 
varieible  in  time.  A  great  deal  of  the  dispersed  material  in  the  throughflow 
is  fine  clay  (<0.2um). 


Dispersion  experiment 

In  fig.  27  the  relationship  between  soil/water  ratios  and  dispersion 
is  shown  by  turbidity.  (The  turbidity  values  of  the  two  clay  fractions 
may  not  be  compared) .  with  an  increasing  soil/water  ratio  the  turbidity 
also  increases .  This  implies  that  both  fractions  are  dispersed  at  the 
used  soil/water  ratios  with  their  belonging  electrolyte  concentration, 
due  to  water  soluble  salts. 

The  Bg  horizon  shows  a  much  higher  turbidity  than  the  AEh  horizon, 
because  of  its  higher  (fine)  clay  content. 
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Although  the  saturation  with  Mg^*  shows  a  higher  turbidity  for  both 
fractions  compared  to  Ca^'*',  the  effect  is  not  as  much  as  was  expected 
from  literature. 


Flocculation  test 

From  fig.  28  the  flocculation  value  of  the  two  clay  fractions  for  the 
Bg  horizon  can  be  deduced.  Flocculation  takes  place  at  an  EC (25)  of  200-250 
pS/cm,  and  at  a  concentration  of  divalent  ions  (Ca^*  and  of  0.8-1  mmol/1. 


Conclusions 

The  pedogenesis  on  the  forested  slopes  of  the  Keuper  mar)cs  is  ruled  by 
several  factors.  The  soil  material  is  easy  to  disperse.  The  presence  of 
easily  swelling  and  dispersible  smectite  in  the  fine  clay  fraction,  and 
the  relatively  high  pH,  together  with  a  complex  saturation  of  just  divalent 
cations  (no  active  Al^*),  are  responsible  for  the  potential  instability. 

The  electrolyte  concentration  of  the  soil  solution  or  subsurface  flow 
at  almost  any  soil  moisture  condition,  appears  to  be  below  the  flocculation 
value  of  the  clay  which  is  dispersed  and  transported. 

The  clayey,  massive  B  horizon  is  Impermeable,  due  to  its  swelling  nature. 
A  perched  watertable  is  formed  in  wet  periods,  and  the  high  lateral  porosity 
in  the  surface  horizon  is  responsible  for  a  subsurface  flow  containing 
dispersed  fine  clay. 
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Table  11.  Description  of  the  reference  profile. 
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rabl«  12.  X  eunmary  of  horizon  eharactarlatica 
of  tha  rafaranca  prof  11a 
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Fig .  26 .  The  relation  between  time  and  discharge,  EC(25), 
Dissolved  Organic  Carbon  (DOC),  and  Ca^*  and  Mg^'*  concentration 
on  3  days  in  1987  of  the  lateral  sub-surface  flow  sampled  by  the 
gutter . 


t 


Fig.  27.  The  relationship  between  soil/water  ratios  and  turbidity 
for  the  AEh  and  Bg  horizon.  Ca  -  exchange  complex  saturated  with 
Ca'='*  :  Mg  -  exchange  complex  saturated  with  Mg=^*  ;  NAT  -  exchange 
complex  in  its  original  state. 


Fig.  28.  The  relationship  between 
increasing  electrolyte  concentration 
and  relative  turbidity  of  a  sample 
with  a  soil/water  ratio  of  0.08  of 
the  Bg  horizon.  Shown  is  also  the 
range  of  the  M2+  ions  in  the  soil 
solution. 
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III 


ACIDIFICATION  OF  A  FOREST  KEUPER  ECOSYSTEM 


General 


Acidification  of  terrestrial  forest  ecosystems,  or  one  of  their  compart¬ 
ments,  and  the  relation  to  (potentially)  acidifying  atmospheric  deposition, 
are  major  topics  in  the  studies  of  these  ecosystems  (Driscoll  and  Lilcens , 
1982;  van  Breemen  et  al . ,  1984;  Verstraten  et  al . ,  1988). 


The  term  acidification,  with  respect  to  a  (forest)  ecosystem,  consists 
of  three  major  aspects : 

1 .  rate  of  acidification 

2.  state  of  acidification 

3.  pH  (of  the  liquid  phase) 


ad 


The  rate  of  acidification  is  defined  as  the  rate  of  decrease  in 
Acid  Neutralizing  Capacity  (ANC)  and  equals  the  storage  decrease 
of  excess  cations  (except  H'*')  : 


iANC 


AS 


cations 


AS 


anions 


ad  2.  The  state  of  acidification  is  the  actual,  pH-dependent,  ANC  throughout 
the  studied  system.  As  a  (small)  part  of  the  total  (potential)  ANC, 
the  ANCfast  can  be  distinguished.  This  ANCfast  is  formed  by  substances 
such  as  fine  granular  calcite,  amorphous  metals  and  basic  cations  at 
the  adsorption  complex,  that  have  a  fast  response  time  in  proton 
buffering. 

ad  3.  The  pH  of  the  liquid  phase  in  the  ecosystem  is  an  important  ecological 
parameter  which  reflects,  to  a  large  extent,  the  value  of  the  ANCfast 
of  the  (solid)  phase. 

If  in  a  forest  ecosystem  steady  state  conditions  are  assumed  for  the 
total  biomass  (vegetation  and  forest  floor),  the  rate  of  ecosystem  acid¬ 
ification  equals  the  rate  of  soil  acidification. 


The  impact  of  external  proton  sources  ("acid  deposition")  to  the  total 
proton  production  within  am  ecosystem  is  defined  as  the  sum  of  net  ammonium 
input,  net  nitrage  leaching  and  net  proton  input  (free  acidity). 


Methods 


For  the  Schrondweilerbaach  Forest  Ecosystem  (SFE)  the  rate  of  soil 
acidification  was  determined  using  solute  input  and  output.  As  the  SFE  is 
a  "watertight"  catchment,  atmospheric  input  and  streamwater  output  aure  the 
only  relevant  fluxes  into  and  out  of  the  system,  respectively.  Atmosjheric 
input  of  chemical  elements  was  calculated  from  atmospheric  precipitation 
and  throughfall/stemflow  data,  assuming  the  increase  of  K  and  Mn  to  be 
caused  by  canopy  leaching  and  compensated  by  an  equivalent  upta)ce  of  NH^*. 
The  increase  of  the  other  elements  was  associated  with  canopy  inter¬ 
ception  of  atmospheric  elements.  Discharge  concentration  rating  curves 
and  a  contunuous  registration  of  discharge  at  the  catchment  outlet  formed 
the  information  to  calculate  the  output  of  solutes  by  streamwater. 

The  ANC  of  the  soil  was  calculated  from  the  chemical  characteristics 
(elemental  composition,  pH,  cation  distribution  at  the  adsorption  complex 
etc.)  of  several  representative  soil  profiles. 


) 
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Results  and  discussion 

The  proton  cycle  for  the  SFE  is  presented  in  table  12.  External  proton 
sources  account  for  only  15%  of  the  total  proton  production,  in^lying  the 
importance  of  COj  dissociation,  an  internal  proton  source. 

The  (high)  rate  of  ecosystem  acidification,  using  the  retention  and 
release  figures  of  table  11,  is  (4.6-8 .6) *10'  keq  )tm“2  yr-1 .  Itiis  variation 
is  caused  by  the  speciation  of  nitrogen,  retained  in  the  vegetation,  when 
released  and  exported  out  of  the  ecosystem.  Organic  nitrogen  released  as 
NH4'*'  can  be  nitrified  within  the  system,  producing  two  protons  per  atom 
nitrogen. 

If  the  €ibove  values  for  ecosystem  acidification  rates,  ignoring  the 
retention  figures,  are  used  for  soil  acidification  rates,  it  should  be 
noticed  that  an  aggrading  ecosystem  like  the  SFE  normally  undergoes  a  net 
accumulation  of  excess  cations,  resulting  in  a  higher  soil  acidification 
rate.  The  ecosystem  acidification  rates  are  in  fact  minimum  values  for 
soil  acidification  rates.  The  current  high  (minimum)  rate  of  soil  acid¬ 
ification  in  the  SFE  for  the  year  1980-1981  thus  calculated,  is  6.5*10’ 
keq  km~2  yr“l . 

The  ANC-  and  pH  values  of  a  representative  soil  profile  are  given  in 
figure  29.  All  values  show  a  (strong)  decrease  towards  the  surface.  Ihe 
low  ANC  values  (and  subsequent  low  pB  values)  of  the  (sub) surface  horizons 
can  be  ascribed  to  the  relatively  high  rates  of  soil  acidification  and  the 
selective  export  of  base-rich  (fine)  clay  particles  (see  elsewhere  in  this 
hand-out) . 
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Table  12.  The  proton  cycle  ( Iceq  kn‘*  yr '  ‘  )  for  the  Schrondwel  ler- 
baach  Forest  Ecosysten  (1960-1961). 


factor 

proton 

Droduct ion 

proton 

consuBDtion 

free  acidity 

90 

bound  acidity 

41 

relent  ion 

NH.-N 

1 10 

Mn 

0.3 

N0,-N 

87 

S0,-S 

4.6 

or tho-P 

1.0 

release 

K 

7.5 

Na 

8.8 

Ca 

180* 

470 

(A1  ♦  Fe) 

0.2 

Cl 

11 

CO]  (-forg.  acids)  diss. 

690 

r- 

7.6*10» 

7.6*10* 

c. 

all  ca  derived  from  Calcite 
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IV.  THE  EFFECTS  OF  BIOTIC  ACTIVITY 


Itie  effects  of  the  biotic  factor  on  soil  and  landscape  development 
in  Luxembourg  are  manifold  ^md  have  been  Introduced  by  Dr.  A.C.Imeson 
as  a  major  research  theme  of  the  Laboratory  of  Physical  Geography  and 
Soil  Science  in  the  early  seventies.  A  leading  part  in  the  biotic  factor 
is  played  by  earthworms  (mainly  Lumbrlcus  terrestris  and  Allolobo^^ora 
longa) .  They  are  significant  in  two  respects. 

In  the  first  place  it  appears  that  earthworms  are  responsible  for  much 
of  the  bioturbation  in  the  surface  soil.  In  this  way  they  contribute  to 
the  contrast  between  the  surface  soil  and  subsoil,  which  is  of  decisive 
importance  for  landscape  forming  processes  on  the  Keuper  Formation.  In  the 
second  place  they  ^tre  responsible  for  removing  litter,  which  results  in 
the  forest  floor  being  exposed  to  splash. 

To  Investigate  the  long-term  effects  of  these  two  earthworm  activities , 
two  research  projects  were  set  up  in  Luxembourg.  Ihe  first  of  these  started 
in  1981  and  investigated  the  extent  of  forest  floor  exposed  at  the  end  of 
the  summer  on  different  parent  materials:  Luxembourg  sandstone,  Psllonoten 
marls  and  Keuper  marls.  The  research  was  carried  out  along  five  sections 
across  the  Lias  cuesta  (fig.  30).  In  these  sections,  the  Luxembourg  sand¬ 
stone  forms  the  main  escarpment,  whereas  the  Psllonoten  marls  form  a 
secondary  step  (fig.  31).  There  are  15  sampling  lines  of  400  m  length, 
one  for  each  of  the  parent  materials  in  each  of  the  five  sections.  Each 
year  estimates  of  soil  cover  were  made  in  squares  of  4  m’  ,  10  m  apart, 
numbering  600  in  total. 


Fig.  30.  The  location  of  the  five  Investigated  sections. 


To  characterise  the  substratum,  a  number  of  soil  properties  were  recorded 
for  each  san^llng  line: 

-  soil  profile  description; 

-  grain  size  dlstrltxjtlon,  pB,  organic  carbon  content  and  calcium  carbonate 
content 

-  sensitivity  to  splash 

-  dispersion 
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To  study  the  cause  of  the  varleUaillty  of  surface  protection  by  litter, 
two  approaches  are  ussed: 

-  differences  In  leaf  production  were  deduced  from  the  circumference  of 
40  trees;  measured  at  breast  height,  at  10  m  Intervals  along  each  of 
the  15  sampling  lines,- 

-  agents  responsible  for  the  exposure  of  soil  material  are  recorded  for 
each  of  the  600  squares  mentioned  above .  Apart  from  earthworms  these 
are  moles  and  voles,  game  (wild  boar,  roe,  deer)  and  stemflow. 

Since  1985  the  state  of  vitality  of  the  trees  Is  yearly  determined  at 
each  of  the  600  squares,  using  a  modification  of  the  vitality  Inventarlsatlon 
of  the  State  Forestry  Service  (St^latsbosbeheer )  In  the  Netherlands. 

Some  of  the  results  so  far: 

1}  Worms  and  moles  reduce  by  homogenisation  differences  In  erodlblllty 
between  landscape  units  (Jungerius  and  van  Zon,  1984).  Moles  enhance 
erodlblllty  by  bringing  material  to  the  surface  which  Is  poor  in  organic 
matter,  whereas  worms  reduce  erodlblllty  by  improving  the  structure  and 
Increasing  the  organic  matter  content. 

2)  The  relief  configuration  of  the  Lias  cuesta  area  cannot  be  accounted 
for  by  lithological  differences  bettfeen  the  underlying  roc)c  types,  but 
appears  to  be  due  to  differential  soil  erosion  under  natural  conditions 
(Jungerius  and  van  Zon,  1982).  Due  to  a  much  larger  exposed  surface, 
especially  during  summer,  th  e  Keuper  soils  are  more  subject  to  splash 
than  the  Psllonoten  soils,  whereas  the  soils  of  the  Luxembourg  sandstone 
remain  protected  by  a  litter  layer  throughout  the  year.  Leaf  consumption 
by  earthworms  is  the  principal  cause  of  the  observed  differences.  The 
ecological  conditions  of  the  Keuper  soils  are  most  favourable  for  these 
organisms . 


Fig.  31.  One  of  the  investigated  sections.  The  names  refer  to 

the  topographical  map  1:20.000,  Administration  du  Cadastre 
de  G.O.  de  Luxembourg. 

LS  =  Luxembourg  sandstone,  PM  =  Psilonoten  marls, 

KM  =  Keuper  marls 


The  second  project  was  devised  to  study  bioturbation  in  the  surface 
horizon  of  forest  soils  on  the  Keuper  Formation.  Two  approaches  are  used. 

On  the  Pseudomorfosenlteuper  in  the  eastern  part  of  Luxembourg,  where 
the  textural  difference  between  the  surface  soil  and  the  subsoil  is  part¬ 
icularly  well  developed,  five  soil  pits  were  dug  along  a  catenary  transect. 
Samples  were  taken  for  micromorphological  analysis.  No  results  of  this 
research  are  available  yet. 

In  the  Schrondweilerbaach  forest,  a  creep  experiment  is  being  carried 
out  according  to  the  method  of  Young.  At  five  localities  along  a  catenary 
transect  (plateau,  upper  slope,  middle  slope,  lower  slope  and  bottom) 
small  boreholes  50  cm  deep  and  2  cm  in  diameter,  were  filled  with  sand 
in  1982.  At  each  of  the  five  localities,  two  boreholes  were  made  in  a 
depression  with  poorly  drained  soils,  and  two  boreholes  in  a  higher  position 
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where  soils  are  better  drained.  It  was  the  aim  of  this  research  to  deduct 
downward  creep  of  the  surface  soil  from  dislocation  of  the  sand  column. 

Two  columns  dug  up  after  one  year  showed  definite  bending  in  their  upper 
parts.  However,  bioturbation  since  then  has  been  so  intensive  that  the  sand 
of  the  columns  can  no  longer  be  detected  in  the  surface  horizon. 
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